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Basic principles behind Timken success 
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Timken bearing, mounted upon the axle by interference fit, avoiding overtightening of the bearing by the fitter. 


When we consider the overall efficiency of a bearing, we include not only its mechanical efficiency 

as an anti-friction bearing — which must obviously be as high as possible — but also the many 

other factors which are essential to the success of a bearing used upon railways. 

Foremost is safety : 

Firstly : the bearing must in itself be of such a character that it has great durability. Timken 

bearings, owing to their basic principles, workmanship and material, are famous for long life and 

many are in use after more than a million miles. 

Secondly : the bearing, and its method of fitting, must be of such a nature that it cannot 

adversely affect the safety of the axle. Timken, having experience of many kinds of heavy duty 

bearing applications, and having conducted exhaustive photo-elastic tests, have eliminated the 

human factor as a threat to axle safety, and Timken practice is now accepted as being an 
= improvement on other systems. 

Thirdly : the economics of the bearing, as it affects the cost of maintenance, the availability of 

rolling stock and the cost of lubricant and its handling, have been shown to be most favourable, 

and railways throughout the world, once having fitted our tapered-roller axle boxes, specify 

Timken for future orders. 

Wherever considerations of human safety, uninterrupted service and practical economics are 

concerned — whatever industry may be involved — there you will find Timken. 


REGD. TRADE MARK 


tapered-roller bearings 


British Timken Limited, Duston, Northampton; and Birmingham, England 
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ATELIERS CF D MONTMIRAIL 


(C FD Montmirail Works) 


Head Office: 10, Avenue de Friedland - PARIS 8° 
Telephone : CAR 14-30 


400/500 HP, 34- ton 
DIESEL 
LOCOMOTIVE 


60 km/h-Standard gauge 


Hydraulic transmission 


Free wheel mechanism 
(Patent SGDG) 


200 HP, 20-ton 
DIESEL TRACTOR 


Metre gauge 


Mechanical transmission 


For shunting duties and secondary line 
operation 


LIGHT RAILCAR - Standard gauge 
80 HP, 9 tons - Accommodation for 32/70 Passengers 


The Steel Peech & Tozer works is famous for its steel tyres, produced 
for every kind of rolling stock up to the largest locomotive tyres. 
Notable are the unusually tough and hard-wearing ‘CP’ and ‘BC’ 
brands, and other specially-treated tyres, much esteemed by 
railway engineers in many lands. At this works are also produced 
rolled steel solid wheels, disc centres, locomotive carriage and 
wagon straight axles, locomotive crank axles and laminated springs. 


At the Workington plant high duty wear--resisting Bessemer acid 
steel rails are made, together with fishplates, bearing plates and 
steel sleepers. 


STEEL PEECH & TOZER : THE ICKLES - SHEFFIELD 


WORKINGTON IRON & STEEL COMPANY - WORKINGTON 


Branches of The United Steel Companies Limited of Sheffield, England 
PT 


SP.133 


Sleeping-car 
of the Compagnie Internationale 
des Wagons-Lits. 


52 m’ tankwagon 
for transport of propane. 


Double motor-coach. 
Supplied to the 
Belgian National Railways 
(160 km/h). 


Wagons —- Coaches — Locomotives — Buses — Trolley-buses — Bridges and structures 
Heavy and medium pressings. 


Elements for pressure pipes - High pressure welded vessels — Springs — Forgings 
High pressure flanges — Galvanized sheets. 


Société 


Anonyme did bo’ be bake by Ge (BELGIUM) 


PREMISES Works at 
AND GENERAL MANAGEMENT : NIVELLES — TUBIZE 
NIVELLES LA SAMBRE AND MANAGE 


Telephone : Nivelles 22 - Telegrams: Metal-Nivelles 


ESI Editions SCIENCE & TECHNIQUE 
, 21, rue Newton, BRUXELLES 
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IN THE WORLD 


MORE THAN 


625.000 


AXLEBOXES WITH MECHANICAL LUBRICATION 


« ISOTHERMOS SYSTEM » 
ARE IN SERVICE 


(Electric and Diesel-electric locomotives, tenders, coaches, wagons, etc.) 


Saving 
Safety 
Easiness of fitting and maintenance 


S.N.C.F. electric locomotive C. C. n° 7001 S.N. C.F. electric locomotive €.€. n° 7001 
equipped with « ATHERMOS » type axleboxes Details of the suspension 
(ISOTHERMOS latest model) 


‘ Sociétés Générales Isothermos 
35, rue de la Tour d’Auvergne, PARIS (9°) 


9, rue du Moniteur, BRUSSELS 


Société Internationale des Applications Isothermos 
60, avenue de Ia Grande Armée, PARIS (17°) 
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LA BRUGEOISE 
ET NICAISE & DELCUVE 


LIMITED <LIABILITIY CORP ANG 


Steel-works, Forges and Engineering Works 
Head-Office and General Direction at 
St-Michel near Bruges 


AEE R Oct Eat NeGeeo a Onan 
AND FIXED EQUIPMENT FOR 
RAILWAYS AND TRAMWAYS 


BRIDGES, FRAMEWORKS, TANKS, GAS-HOLDERS AND ALL 
STEEL CONSTRUCTIONS RIVETED AND WELDED 


WHEEL SETS — STEEL CASTINGS 
SPRINGS 


— IRON. FOUNDRY 


Vil 


THE BIG CONTAINER 


BELGIAN NATIONAL RAILWAYS 
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The new rail lubricator 
of the French National Railways (S.N.C.F.), 


by M. Laraye, 
Inspecteur Divisionnaire, 
and M. VorRBURGER, 
Inspecteur au Service Technique du Matériel et de la Traction de la Société Nationale des Chemins de fer frangais. 
(Reyue Générale des Chemins de fer, May, 1951.) 


I. GENERAL. 


The usefulness of lubricating rails and 
wheel flanges has been the subject of many 
articles published in various countries and 
notably in France in the Revue Générale 
des Chemins de Fer (*). It is well how- 
ever to remember the seriousness of the 
rapid wear of tyres by reducing the flanges 
and of the rails by chamfering the head ( ays 
on lines with sharp curves with unlubric- 
ated rails. 


Although it was hardly appreciable at the 
beginnings of the railways, this reciprocal wear 
increase in axle 


progressively grew with the 
loads, rigid wheelbases and, finally, speeds. 
From observations made in the U.S.A. (8 


they grow for the operating conditions given 
« directly as the area of contact between rails 
and flanges, and with the degree of curvature 


(4) See the Revue Générale des Chemins de 
Fer, April 1885, April 1890, August 1899, 
November 1927, June 1928, May 1929 and Sep- 
tember 1948. 

(2) On such curves, the presence of metal 
flakes collected on the foot of the outer rails 
demonstrates the gripping that takes place 
moreover signalled by the characteristic groan- 
ing during the passage of each train. 

(°) See Railway Research Service Bulletin of 
July 1937. 


of the track, probably inversely as the square 
of the radii of the curves ». The improve- 
ment in the strength of the rails and tyres 
raised to values now stabilised between 75 and 
90 kg/mm? (47.62 t. per sq. in. and 57.14 t. 
per sq. in.) has not been sufficient to cure it. 
Had the efforts to prevent wear been kept 
to this field it would have meant using steel 
of very high tensile strength (120 kg/mm? 
SeFG OTe per sq. in. and above) at a really 
prohibitive price. 

The resort to another method of protection, 
lubrication consequently, became essential. ‘To 
confirm this need rather than to consider the 
consequences of operating on curves under the 
theoretical aspect, a problem dealt with in 
several publications, let us make a new con- 
tribution to the whole of the observations 
recorded so far. 


This was the position before lubricating 
the rails on the « Cévennes » line from 
Clermont-Ferrand to Nimes and in parti- 
cular on the section Langeac-Alés on which 
the most exposed wheels of the locomotives 
quickly became « sharp » or « straight » 
and soon reached the minimum allowed 
(see: fig.)1)a° For. example, the guiding pair 
of wheels, the first pair of coupled wheels 
and the first pair under the tender of 
the Mikado locomotive series 2-8-2 E of the 
Langeac depot had to be withdrawn from 
service for flanges worn to the limit after 
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average distances run of 13.000, 30000 and 
8000 km (8077, 18641 and 4970 miles) 
instead of at the lifting distance of 
80000 km (49709 miles) the minimum for 
this class. 

A tyre of a guiding pair of:wheels of a 
2-8-2 E locomotive, the flange of which is 
behaving correctly, can run a distance 15 to 
20 times greater than that got from an identical 
tyre used on the Cévennes line without rail 
lubrication. This is due to the fact that when 
taken out of service the original profile of the 
tyre can be restored by a « cheap cleaning up » 


Ye ] 


ol< 
ve 
elf 
ais 
Ojo 
Je 
A, — Non lubricated rail. B. — Lubricated rails. 
Limite dusure = minimum thickness. 
Plan de roulement = rolling circle. 
Fig. 1. — Comparison of the results as to 


tyre wear with and without lubricated rails. 


Results from the Cévennes line. 282 E loco- 
motives, guiding pair of wheels. 
Profile of new tyre (flange thickness, 


é. =. 32.5. mm). 

Worn tyre after 12 to 14000 km (7450 to 
8.700 miles) run before lubricating the rails 
(e = 23; angle «149; radius r< 8). 
Trart== Tyre profile after 80000 km run on Jubric- 
ated rails. 

Profile of tyre after 
non lubricated rails. 
Economical skimming up of tyre used on 
lubricated rails, 


used on 


returning 


with the removal of very little metal and in 
the other at the cost of a serious loss of metal. 
Frequently too, reprofiling a tyre with a thin 
flange is impossible, as after returning the tyre 
would be too thin to be left in service. 

When a locomotive tyre flange has thin 
flanges, the repercussions are aggravated. It 
then become necessary : 

— either to retyre and sacrifice as pure loss 
a certain thickness of the new tyres to bring 
them down to a suitable running diameter; 

— or re-turn the whole wheel set of tyres 
to bring them to the same diameter. 
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The chamfering of the rails follows a 
similar process. Figure 2 is a section 
through a rail removed in 1949 from the 
main lines on the most hilly part of the 
Cévennes line before the introduction of 
lubrication and brings out a case of acceler- 
ated wear of the head of the rail. 


SV 


BCG 


Y 


—-—-— State at the 27-7-1948. 

State at the 20-1-1949. 

Fig, 2. — Worn condition of a rail on curve, 
not lubricated, taken up in 1949 from the 
main lines of the Cévennes line, rail P. L. M. 
type 48 kg (106 Ibs.). 


These two actual examples illustrate the 
excessive loss of steel due to running over 
non lubricated curves, a loss which outside 
France inspired recently a detailed article 
published in No. 5 of 1949 of the review 
Nordisk Jarnbanetidskrift, which stressed 
the importance given in Sweden to the 
question of rail lubricators. 


Il. DIFFERENT 
TYPES OF LUBRICATORS. 


1) CLASSIFICATION. 


The known devices can be divided into 
4 groups: 

— the hand operated lubricators carried 
on trolleys using brushes or shoes. ‘These 
are mainly used in Germany and Sweden. 

There is also the direct lubrication by 
brush still used on important sections of 
Colonial and even European lines for oil- 
ing the flanges of the wheels of certain 
electric stock in the depots; 


— flange lubricators fitted in most 
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European countries (Germany, Spain, Italy, 
Sweden, Switzerland) to the. locomotives, 
but in the U.S. A. to either the loco- 
motives or the rolling stock and which 
distributes the lubricant over the wheel 
flanges. Some feed permanently and some 
— less numerous — only on curves; 

— fixed curve lubricators used especially 
in Great Britain, the Commonwealth coun- 
tries and the U.S. A. and which are located 
near the entry to the curves to be lubric- 
ated. These dispense automatically when 
the wheels of the train pass a small quan- 
tity of grease (sometimes of oil) picked up 
by the flanges; 


— rail lubricators carried almost only by 
the locomotives, which act automatically by 
projecting pulverised oil on the upper 
inner radius of the outer rails on curves to 
be lubricated, over the full length thereof. 
They are used especially in France where 
the P. O. railway fitted the first set of 
equipment in 1927. 


2) ADVANTAGES AND DRAWBACKS. 


All the devices mentioned can give say- 
ings but from the already long experience 
of the S. N. C. F. — an experience renewed 
in recent time with more recent equip- 
ment — most do not give the desired results 
or are only suitable for particular cases. 


Hand operated lubricators are simple 
and cheap. This method however is 
extravagant in staff and lubricant. More- 
over the application by brush can _ be 
dangerous by its lack of precision; defects 
in the electric signal circuits and slipping 
many accompanied by damage to _ the 


motors are frequently attributed to it. 


Flange lubricators protect reasonably 
well the wheels to which they are applied. 
Their efficiency as regards the rest of the 
wheels is lower. Consequently, the protec- 
tion of the rails is inadequate. In view of 
the number of lubricators working all the 
time, a very small feed is essential, to avoid 
on the straight sections getting too much 
lubricant on the tyres. The thin film of 
oil which then forms on the flanges dis- 
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perses itself quickly on the curve until it 
disappears through the pressure of the 
wheel on the rail. Part of the curve is then 
run over dry. 

The fixed curve lubricators are effective 
and can be recommended for individual 
curves near stations and signal boxes. As 
each lubricator only protects a restricted 
length of track, they are not very suitable 
for whole lines with many curves. ‘The 
multiplicity of appliances that have to be 
fitted (200 to 300 when 10 to 15 rail lubric- 
ators are sufficient to give better results) 
would represent a very serious capital 
investment. Moreover, from U.S. A. results 
the annual costs of working a fixed lubric- 
ator are of a same order as the first costs. 


The rail lubricators, more efficacious 
than fixed lubricators, are to be preferred 
to them, particularly for the open road as 
they lubricate readily and indifferently all 
the curves to be lubricated wherever they 
may be. Several hundred of pairs of 
wheels benefit from the film of lubricant 
deposed by a single appliance. ‘The cost 
of one set of equipment is three to four 
times that of one curve lubricator but the 
annual cost of up-keep is only 10 % of the 
value of the new lubricator. 


Ill. NEED FOR AND AIM OF THE 


MOST RECENT RESEARCHES. 


If the principle of lubrication brought 
out by the « P.O. rail lubricator » tended 
towards a rational technique, the simplicity 
of the parts used gave rise to criticism and 
improvements became essential. 


The P. O. fittings were adopted, and rightly, 
because they were much better than the other 
types of lubricators but their arrangement 
designed to suit curves of 150 to 400 m had 
3 essential defects : 

— delay in starting to feed which deprived 
the entry to the curves of lubricant; 

— lack of accuracy and sensitivity of the 
three way distributor valve, which  further- 
more could not be applied to curves exceed- 
ing 400 m radius; 

— permanent lack of security of the ejec- 
tion nozzles, very often damaged or torn away 


‘ 
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with the risk of lubricating the running sur- 
face of the rails not excluded. 

An article appeared in the September 1948 
number of the Revue Générale des Chemins 
de Fer giving particulars of the steps to be 
taken to overcome these defects, namely : 

— lubricators with pendulum drive — for 
500 m curves for electric locomotives; 

— flexible or telescopic ejection nozzles. 

In spite of these modifications, the existing 
lubricators each of which had been designed 
for a particular application were still not free 
from defects. Furthermore, the first results 
of the appliance described in the present article 
had shown : 

— except in special cases, the pendulum 
distribution should be reserved to such loco- 
motives on which a driving gear using the 
movements between parts of the frame or moy- 
ing parts cannot be devised, the pendulum 
being moreover inapplicable in particular cases; 

— flexible or telescopic nozzles were not 
used. 


An investigation carried out in 1947 by 
the Rolling Stock and Traction Depart- 
ment of the S.N.C.F. lead to: 


1) the creation of quick acting appli- 
ances; 


2) the provision of an adjustable distri- 
bution that will remain set and accurate 
and also sensitive to curves of all radii up 
to 800 and even 1000 m; 

3) the development of a fixed ejector 
practically immune from damage. 


The enquiry also showed it was desirable : 

— to obtain, in all climates, different dis- 
charge rates; 

— to have an automatic cut off when the 
locomotive stopped or automatic variability in 
terms of the speed; 

— to provide appliances that were robust 
and could not get out of order so as to remove 
any need for attention by the user. 


This investigation lead to the design of 
a standardized fitting the Lubrovia (') 
lubricator applicable to all railway rolling 


@eihens-iN=aG: 
patented. 

The « Société de Robinetterie $. A. J. » hold 
the licence for these fittings in France, the 
French Union and Foreign countries. 


F. Lubrovia fittings are 
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stock; steam locomotive with or without 
compressed air, electric locomotives and 
railcars and if required various other 
vehicles. 


IV. THE S.N.C.F. LUBROVIA RAIL 
LUBRICATOR. 


1) BASIC CHARACTERISTICS. 


The three essential qualities quoted 
above have been obtained as follows : 

a) Low inertia when coming into action : 

— by having rapid opening distributors 
of the separate oil and air (or steam) 
circuits; 

— by reducing the length of the piping 
leading to these parts; 

— by fitting the pulverizers as near the 
rails as possible, the oil pipes being always 
kept full of oil by means of valves; 

b) Distribution that 
accurate : 


remains set and 


— by applying to the distributors a cam 
drive (in certain cases plungers also have 
given satisfaction) sensitive to the effect 
of running through the curve, easy to 
regulate, and preventing any irregular 
movement; 

— by acting on the distributors through 
a mechanical or electrical relay giving full 
opening for each time they are acted upon 
even slightly and with a delayed closing. 


c) Nozzles immune from damage : 
— by making their size across the track 
as small as possible and fitting them in 


such a way as to prevent any contact with 
the rails and check rails. 


2) PRINCIPLES OF WORKING AND 
DESCRIPTIONS. 


Figure 3 shows the principle of working 
in diagrams. 

The lubricating oil is contained in a 
tank, which may be put either at atmo- 
spheric pressure or under pressure .by com- 
pressed air. 

So that the lubricator could be applied to 
all rolling stock running over lines on which 
lubrication would be justified, two distinct 
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methods of conveying the oil to the point of 
ejection had to be developed, consisting of : 

— the first, with the reservoir at atmospheric 
pressure, using the single phenonemon of aspir- 
ation of the spray nozzle to ensure the flow 
of oil; 

— the second, completing the aspiration of 
the spray nozzle by forcing the oil to flow 
under pressure by connecting the compressed 
air to the reservoir. 

In both cases non return valves keep the 
pipes full of oil. 


When running through curves of small 
radius the oil is admitted automatically at 
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the same time as the motive fluid (air or 
steam) by a distributor to the spray nozzle 
placed near the outer rail of the curve. 
The pulverized lubricant is projected on 
to the upper inner rounded edge of this 
rail. 

There are two units of distributor and 
spray nozzle per lubricator arranged sym- 
metrically relatively to the track, one for 
each line of rail. 


The opening and closing of the oil pipes 
and air pipes (or steam) is normally got 
in each distributor by the action of an 
oscillating cam operating a link as a result 


A. — Lubricator applicable to all locomotives. 


= 


SE 


— 
9 2/ 
B. — Lubricator applicable to low voltage clectric locomotives. 
Fig. 3. — Diagram of the principle of working. 
3 — Main air reservoir of the locomotive. 17 — Relay of the RL-ID distributors. 


4 — Power air admission pipe. 

5 — Shut off valve. 

10 — Oil tanks connected to the admission air pipe 
with outlet oil pipe with a non-return valve 
to the distributors. 

11. — Air pipe to the distributors. 

13. — Oil pipe to the distributors. 

15. — RM-II (mechanical) or RL-JT (electrical) quick 
action distributor. 


22 — Cambox of the RM-II distributors 

25 — Air pipes connecting the distributors to the 
spray nozzles. tod 

27 — Oil pipes (always full) between the distributors 
and the spray nozzles. 

29 — Spray nozzles, 

33 — Fuse: 

34 — Switch. : f 

34a— Selectors of the reversing transmitters. 

37, 39 — Automatic contact poles. 
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A. — MCR-II arrangement applicable to all loco- C. — MPR-II an arrangement often used when A 
motives with a secondary frame and having a sup- and B cannot be carried out. 
ply of compressed air, but reserved more especially 
for steam locomotives. 


yh 


S777 


SSS 
|| cae 

| EES 
L 


B. — LKR-II an arrangement applicable to low D. — MCY-I an arrangement for steam locomotives 
voltage electric locomotives and haying one (or without compressed air: can be modified if need 
several) secondary frames. be to use the control used in C. 

Fig. 4. — Working diagrams. 
1 — Locomotive main frame. 29, 30 — Spray nozzle. 
2 — Secondary frame (bogie or truck). 31, 32 — Relays of RL-II distributors. 
3 — Locomotive main air reservoir. 33 — Fuse. 
4 — Incoming air or steam. 34 — Switch. 
5 — Stop valve. 35 — Automatic cut out relay (a). 
6 — Automatic shut off relay (a). 36, 37 — Contacts fitted to frame 1. 
H | Servo motor operating relay. 38, 39 — Contacts fitted to frame 2. 
8 — Flexible pipe. 40, 41 — Earth. 
9 — Connection between the air pipe and the oil 42 — Pendulum cam carrier. 
reservoir. 43 — Pendulum weight. 
10 — Oil reservoir. 44 — Pendulum brake. 

11, 12 — Air pipes. 45 — Steam reducing valve. 

13, 14 — Oil pipes. 46 — Automatic steam trap. 

15, 16 — RM-II or RL-II distributors. 47 — Lubricator of the VM-I distributor. 

17, 18 — RM-II distributors relays, 48, 49 — Steampipe. 

19 — Fixed point with ball joint. 50, 51 — Relays of the VM distributor. 
20 — Driving link. 52, 53 — VM-I distributor. 
21 — Ball joint. 7 54, 55 — Steam pipes. 

_ 2 = Cam Shaft with link. d — Lateral movement of the secondary frame. 

23, 24 Adjustable cams. , 3 : 

25, 26 — Air pipe. R — Outer rail of the rail, 

27, 28 — Oil pipes. D — Superelevation of the track. 


(a) Only one of the two relays 6 or 35 can be used at once on the same locomotive lubricator. 
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of the relative movements of details of the 
locomotive frame. aot 


On low voltage electric locomotives the 
distributors can be operated electrically. 
In this case, contacts are provided oper- 
ating either by oscillating cams or directly 
by relative displacements of frame members. 


_ In certain cases, such as locomotives with no 
mobile frame such as a bogie, the operation 
by link cannot be arranged. 

Several other methods of drive have to be 
considered. 

For example, on the type 030 Diesel electric 
locomotives to be fitted with a Lubrovia lubric- 
ator, the side movement under side control of 
a driving pair of wheels can be used to control 
the drive of the distributors. 

It may be desirable, in some cases, to use 
a pendulum acting under the effect either of 
the super elevation of the track or centrifugal 
force, according to the speed of running. Such 
a device varies in sensitivity with the way the 
locomotive is running and at speeds near those 
giving equilibrium between the two forces men- 
tioned, it loses all its efficacy. 

The pendulum through the unreliability of 
its movements is not suitable for lubricating 
sharp curves run over at low speed. In these 
latter cases it is desirable to use operating gear 
secured to the track and working lubricators 
carried on the locomotives. 


The spray nozzle is based on the prin- 
ciple of the venturi tube. The ejection 
nozzle built into the appliance is suffi- 
ciently strong in section to stand slight 
shocks from unexpected obstructions, but 
yields under heavy blows. Whilst breakage 
‘is extremely rare, it is better to have 
breakage than distortion as the discharge 
orifice after the accident is then far 
enough away from the rail for the oil 
mist which discharges after the parts of 
_-the pipe came apart to be dissipated before 
reaching the running face of the rail and 
thereby eliminates any risk of slipping. 


In addition, provision is made to fit to the 
oil pipe of the lubricator, an automatic valve 
suppressing any discharge of oil from the 
broken pipe until the latter is renewed. 
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Except in special cases, the spray nozzle 
is fitted in the direction of running behind 
the first pair of wheels of the locomotive; 
this prevents any contact with the pedals 
and keys of the track. The leading guid- 
ing wheels are not adversely affected in 
any way however as they benefit from 
previous lubrications, the rail lubricator 
creating a « state of greasiness » over the 
whole length of the curves lubricated. 


The equipment, if need be, is completed by 
a relay which automatically shuts off the 
lubricator whenever the locomotive is stopped. 
This relay acts : 

— either directly on the auxiliary air supply 
though a _ servo-motor having a movement 
which is a function of the running speed : it 
can then form a mechanism for automatically 
varying the quantity of oil discharged; 

— or on the electric operating circuit usually 
in the form of a simple contact fitted to the 
speed recorder. 

With electric drives it may be necessary to 
fit such a relay. This is so in particular for 
railcars running in multiple units. 

3) TYPICAL ERECTION DIAGRAMS 
AND APPLIANCES. 


Figure 4 shows diagrammatically the dif- 
ferent layouts actually in use or being 
applied. 

Figures 5 and 6 show in section the 
distributor with mechanical relay and the 
spray-nozzle. 


In the case of the electric relay distri- 
butor, the valve 62 is replaced by an 
electric valve. 

The spray nozzle used when the oil 
reservoir is open to atmosphere and that 
which is fed with oil under pressure prac- 
tically differ only by the calibration of the 
ejector. 

Figure 7 shows the position of the nozzle 
relatively to the back. The running gear 
may have a lateral play of 20 mm (25/32), 
sometimes even more, without any danger 
to the nozzles being damaged by super 
elevated check rails. 
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Figures 8, 9 and 10 are part views of 
the assembled lubricator. 


4) WORKING OF THE APPLIANCE. 


Referring to figure 4, diagram A, the 
lubricator using oil under. pressure is 
shown in position for lubricating the outer 
rail on the curve. 
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Longitudinal section. 


— RM-II distributor. 


owes 
Hig. 4). 


56 — Distributor body. 

57 — Distributor piston, 

58 — Piston spring. 

59 — Piston cover. 

60 — Head. 

61 — Roller, 

62 — Valve relay, 

63 — Valve spring. 

o4 — Key guiding the roller, 
65 — Valve cover. 


On running into the curve, the secondary 
frame moving relatively to the main frame 
causes the cam carrier to rotate as the 
upper joint of the latter is operated by 
the control link attached to one of the 
main frame longitudinal members. The 
displacement so caused brings the cam cor- 
responding to the part of the lubricator 
situated on the outer side of the curve 
against the roller of the distributor, which 
by the relay causes air to be admitted to 
the piston of distribution. The latter, 


Longitudinal section. 
Fig. 6. — Spray nozzle. 


66 — Body of spray nozzle. 

67 — Convergent divergent 
nozzle. 

68 — Oil non-return ball valve. 

69 — Seat of ball valve. 

70 — Plug holding the ball, 

71 — Power nozzle. ; . 

72 — Ejection nozzle ER-I or 6 (oil reservoir under 

pressure). 

75 — Incoming oil. 

74 — Incoming air (or steam). 

75 — Calibrated oil delivery jets. 

6 — Calibrated power jet. 

77 — Suction and pulverisation chamber, 

78 — Pulverized oil ejection jet. F 

79 — ER-II ejection nozzle (reseryoir of oil at atmo- 
spheric pressure). 


cone (venturi tube) of 


A. — On curve whilst B. — On reverse curve 
lubricating, or on the straight. 
Fig. 7. — Position of the ejection nozzle 


relatively to the rails and check rails. 


The position of the ejection nozzles is such that: 

lo they are sbeltered from any contact with the rails 
or cheek rails, after making allowance for wear 
and lateral play of the running gear; 

2° the jet of pulverized oil is projected only into the 
upper inner radius of the rail head. 
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s, 


isateurs~ejecteurs / 


Front view. 
Fig. 8. — Principal parts of the Lubrovia 
lubricator in position on a steam locomotive 
front view. 


The link connects one longitudinal girder of the main 
fraine to the cam lever which can turn about a 
pivot on a spindle fastened to the truck frame. 
On entering a curve, the relative displacement of 
this latter causes the lever to rotate. If the dis- 
placement of the truck is sufficient (the cams are 
set to assure the lubrication of curves of under 
600 m (656 yards radius) the cam placed on the 
side of the outer rails of the curve act on the 
corresponding distributor and causes the lubricator 
to come into action instantaneously. At the end 
of the curve, the truck returns to its mid_ position, 
the cam comes away from the roller of the distri- 
butor and the lubrication then stops. 

Levier porte-cames = lever carrying the cams. -— 
Bielle = link. — Distributeurs = distributors. — 
Réservoir d’huile = _ oil reservoir, — Cames 
= cams. — Pulvérisateurs-éjecteurs = spray nozzles. 


under load on one face by a spring which 
keeps it in the position in which the feed 
orifices are shut when the relay itself blocks 
its air feed, then takes the discharge posi- 
tion under the effect of the thrust exerted 
by the compressed air on its other face and 
admits simultaneously by two grooves, oil 
and air to the spray nozzle. A lift even 
very slight of the relay valve of the distri- 


butor results in the instantaneous full 
opening of the air and oil discharge 
orifices. 


The air, which passes through the oper- 
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ating nozzle of the sprayer, sets the ejector 
going, the oil lifts the non-return valve off 
its seat, and flows immediately (the pipe 
being always full) into the suction chamber 
through two calibrated jets. It is pulver- 
ized then projected by the spray nozzle on 
to the area to be lubricated. Owing to 
the short distance separating the pulveriz- 
ing chamber from the ejecting nozzle, the 
oil is in a perfect state of pulverization 
when it reaches the rail. 


On leaving the curve to be lubricated, 
the secondary chassis resumes its normal 
position relatively to the main frame and 
the cam moves away from the distributor 
roller. The relay valve falls on to its seat 
and the gas and air in the admission cham- 
ber of the distributor piston is discharged 
through a leakage orifice. The piston 
returns (') slowly to its stationary position 
under the action of the control spring and 


(?) This delayed closing enables the Jubric- 
ator to operate continuously whilst going 
through a curve when, at its maximum set- 
ting, the pilot relay is caused to open and close 
a number of times in succession. 


\ \Reéservoir dhuile 
\__Distributeur 


| Pulvérisateur 
ejecteur_ 


General view. 
Fig. 9. — Electric locomotive fitted 
with Lubroyvia equipment. 
Pulvérisateurs-éjecteurs = spray nozzles, — Réservoir 


dhuile = oil reservoir. — Distributeur = distri- 
butor, 
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Side view. 


Fig. 10. — Lubrovia spray nozzle fitted behind 


a guiding wheel of a steam locomotive. 
The components of the lubricator fitted in front 
of the truck are partly visible. 

Tuyere 
Whuile 


nozzle, = 


Pulverisateur-ejecteur = 4 2 
Réservoir 


ejection = discharge 
= oil reservoir, 


spra y 
jet. — 


shuts off the air and oil discharge pipes. 
The lubricator ceases to discharge as the 
air under pressure in front of the distri- 
butor becomes used up. ‘The lubrication 
stops usually towards the end of the leav- 
ing transition of the curve. 


V. CHOICE AND USE OF THE S.N. 
C.F. LUBROVIA LUBRICATORS. 


1) DESIGNS FOR NORMAL APPLIC- 
ATIONS. 


a) The processus of conveying the oil 
mentioned in the preceding chapter can 
be applied : 

— the first (reservoir at atmospheric 
pressure) to all locomotives but is most 
suitable when steam is the motive force 
(fig. 4, diagram D) as putting oil under 
pressure directly by steam raises a delicate 
problem to solve and mechanical pressure 
is not justified; 

— the second (reservoir under pressure) 
to locomotives with compressed air (fig. 4, 
diagrams A, B and C); 
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b) The equipments using compressed air 
are in principle those of diagrams A or B. 


Beside the layout using steam (diagram D) 
for certain good reasons it may be wished to 
alter to it some older type sets using compres- 
sed air. The P. O. lubricators are being 
modified in this way by the S.N. C.F. 


c) An erection diagram of the installa- 
tion is needed for each class of locomotive. 
It deals with the determination : 


—of the places for the appliances, 
brackets, and piping; 

— of the exact location of the cams and 
their setting in terms of the way the 
locomotive to be fitted inscribes itself in 
the curve, obtained from diagrams got out 


for different typical curves. 


2) RULES GOVERNING THEIR USE. 
a) Quality of oil. 


The new lubricators use all motion oils 
of standard quality (’). 


No provision has been made for pre- 
heating. 


All that is required in cold weather to main- 
tain a practically constant viscosity is to add 
according to the ambiant temperature some 
gas oil or lamp oil as shown in the tables 
issued for this purpose. 

During hot .weather, either a heavier oil 
than usual should be used or the feed of the 
spray nozzle reduced by simply changing the 
operating nozzle. 


b) Frequency of lubrication, 
discharged. 


Quantity 


Whatever the quality of the oil, a range 
of nozzles provided with each appliance 
makes it possible to get a wide variation 
in the discharges : the diagrams of figure 11 


(*) Recovered oil, can be used but it is better 
to use an oil of known and stable quality in 
order to be more certain of getting the desired 
result. 

In some cases, it may be worth while to use 
special oils, graphited for example. 
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show for two particular cases the possible 
variations. As the result of the latest 
observations the recommended practice is 
to adjust the lubricators to lubricate all 
curves of less than 600 m (656 yards) radius 
(a limit which may be 800 m [875 yards] 
or even 1000 m [1093 yards] according 
to requirements) with an optimum dis- 
charge of 40 g (617 grains) per kilometre 


uN 
BURUUAPAAUIIIL 
eater euninn 


hourly flows of lubricant in kg (at 200 C), 


14 1 4. a 4 a 26 
Sections in mm? of the orifice of the spray nozzle. 
A. — Locomotives used at low speed (shunting) : 
— Oil tank (atmospheric pressure) ; 


— Height of the orifice of the discharge 


jet above 
the neck = 13 mm. 


Figs AY: 
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bers of pairs of wheels which can run over 
the line between two consecutive lubric- 
ations, 

The specific consumption (number of 
grammes of oil discharged related both to 
the kilometre of curve lubricated not 
to be confused with the running kilometre 
of track — and to the unit circulating — 
the pair of wheels) lies between 0.133 and 


LOTTA 


flows of lubricant in ke (at 200 C). 


hourly 


8 SEO AteIZ AS Mes 
Heights in mm of the orifice of the discharge jet 
of the spray nozzle above the neck. 
B. — Locomotives running at 
or at high speed : 

pressure ; 
orifice of the 


average speed 


— Oil tank under 
— Section of the 
= 1.77 mm?, 


spray nozzle 


— Curves of the base flows. 


Pulverization with compressed air at 5 hpz of motion oil of kinematic viscosity of 700 centistokes at 20° C. 


Section of the orifice of the spray nozzle: 


of oil per rail effectively lubricated. ‘This 
last value can be temporarily raised without 
major difficulty to 70 g (1080 grains) per 
kilometre when the number of lubricators 
available is insufficient. 


The frequency of lubricating, varying 
with the traffic density and the climate of 
‘the country run through is about once 
every four trains on the S. N.C. F. moun- 
tain lines. In any case it is as well to fix 
150 at least and 300 at most (values cor- 
responding to the discharge of 40 g per 
kilometre of rail lubricated) as the num- 


1.77 mm2?, 


0.267. It is very small and less than of 
the fixed curve lubricators and of the 
flange lubricators. 


3) EXCEPTIONAL APPLICATIONS. 


The new principles can be applied without 
difficulty to the lubrication of tyre flanges. 
Actually, although French experience shows 
that flange lubricators are not a complete solu- 
tion for the open lines, it may be that they 
solve the isolated and special case of certain 
shunting locomotives for example. The spray 
lubricator is better than the contact lubricator 
with which there is a risk of it becoming 
covered with greasy dirt or mud. 
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VI. RESULTS OBTAINED AT LAN- 
GEAC RUNNING SHED WITH S.N. 
C.F. LUBROVIA LUBRICATORS. 


1) QUALITY OF THE LUBRICA- 
TION. 


The projection of the oil, the pulveriza- 
tion of which has been found to be excel- 
lent limits itself to the upper inner radius 
of the rail head. No tendency to wheel 
slip attributable to the lubrication has been 
observed, and this in spite of many grades 
of up to 2:6) 9%. 

This point which had been the unex- 
pected obstacle against which many of the 
older appliances were wrecked themselves, 
and which had encouraged all doubts as 
to possible success, was the object of a very 
detailed investigation. 


During inspections of the track imme- 
diately after lubrication, no trace of oil was 
ever found on the table of the rail nor on 
the rail foot (*). 


2) RESULTING ECONOMIES. 
a) Locomotives. 


— Tyres. — Removing wheels between 
the periodic lifts of the 282 E locomotives 
at the Langeac depot to turn up the tyres 
has now been stopped. 


The savings in tyres, of the maintenance 
work, and the saving by reducing the 
number of times engines are immobilised 
are considerable. 


— Energy. — The comparison of the 
return of consumptions of fuel at the Lan- 
geac depot after taking into account the 
factors of fluctuation common to_ the 
S.N.C.F. as a whole during the periods 


(1) Along with this recent test, it is not 
without value to point out that the lubrica- 
tion of the rails has no influence on the num- 
ber of cases of wheel slip as has been proved 
and in particular on the S$. N.C. F. standard 
gauge lines on curves on up grades of 3.3, 4, 
and even 4.3 % and on the Cerdagne line of 
| m gauge where the gradients are as great 
as'6.9%- 
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selected, and also of the loads hauled, 
showed a reduction of 10 % in the con- 
sumption per kilometre. This result is 
not surprising as it is very evident that 
the rolling resistance of the trains over 
the lubricated lines is very appreciably 
reduced ('). 


b) Rolling stock hauled. 


The use of the stock belonging to the 
Cévennes line has prevented any precise 
statement of the results obtained being 
given. However, in this field too the 
improvement in the tyres must be sub- 


2 


stantial (*). 
c) Track. 


The savings in rails and with them the 
sleepers are great, as the rail profils taken 
several months after the lubrication was 
begun did not reveal any appreciable wear, 
where before it often exceeded a milli- 
metre in three months. 


The familiar grinding noise due to the 
tyres gripping the rails has gone. 

It is now possible to envisage a normal 
length of life of rails on curves and to 
complete, without additional labour, the 
usual maintenance work as the renewals of 
rails as a result of the chamfering of the 
inner radius will be avoided. 


3) BEHAVIOUR IN SERVICE, AND 
MAINTENANCE OF THE APPLIANCES. 
The costs of repairs are negligible. Once 
regulated, the links, cams, and distributors, 


(‘) Previous observations during locomotive 
trials without lubrication of the rails had 
already revealed wide variations in the energy 
used solely due to changes in the hygrometric 
condition of the air. 


(?) To illustrate the saving let us refer to the 
tyres of the carriages making up the Laqueuille- 
Le Mont Dore rake, which before lubricating 
the rails, had to have the tyres turned up after 
3 months service in the Summer but since the 
rails were lubricated and after the same ser- 
vice, the flanges are still of the standard 
thickness. 


f 
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require no attention, other than at the 
periodic operations of lifting the locomo- 
tive to which these are fitted. At the first 
lift, after running 80000 to 100000 km on 
the average, all that is required is to check 
the play in the joint of the cam carrier 
lever, the other parts requiring no atten- 
tion until after several lifts (this lever is 


to be fitted with roller bearings) . 


To get the precision lubrication reported 
above, it is essential the position of the spray 
nozzles be set very accurately but this setting, 
readily done, needs only be reset after 3 or 
4 months. Current attention consists simply in 
filling the oil reservoir and in a quick inspec- 
tion each visit to the running shed. 

Finally, the perfect way in which the fixed 
ejection nozzles behave, and the precision of 
the pulverisation make it unnecessary to use 
flexible or telescopic nozzles. 


Sy VARIOUS” EFFECTS RESULTING 
FROM THE LUBRICATION. 


A notable improvement in the condition 
of the locomotives and vehicles has been 
seen on the lubricated lines. 


The entry into the curves is much 
smoother, the trains move more easily and 
the risks of derailment less on lines bene- 
fiting from lubrication from the fact of the 
generalised greasy state of the zones of 
contact between the rails and flanges. 

The safety of running is increased and 


in certain cases an increase in the maximum 
speed on curves could well be considered. 


Moreover, in spite of what might be expected 
the lubrication affects favourably the tractive 


efforts that can be developed on curves when 


starting and at low running speeds. 

In fact, for each pair of wheels, on a curve 
there is a slip of one of the wheels on the 
rail due to the difference in the rolling circles 


-and practically inevitable in spite of the coning 


of the tyres. The result is a reduction of 
adhesion with a consecutive diminution of 
the maximum efforts transmissible. Without 
lubrication, the friction of the flanges against 
the outer rails on curves then tends to cause 
a partial slipping of the inside wheels; with 
lubrication on the contrary, this latter affects 
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rather the outside wheels the load on which 
is reduced through the superelevation, which, 
by a better use of the adhesion, increases the 
possibilities of traction. 

Recent experience has not enabled values to 
be given these advantages : it corroborates how. 
ever observations already made. As an example, 
if in France it has been noted that the 
maximum tractive efforts, without — slip, 
obtained on curves with dry rails developed 
by certain electric locomotive reach not more 
than 75 % of those on the straight, in the 
U. S. A. measurements have shown that on 
sharp curves when lubricated the tonnage 
hauled by a locomotive can be increased by 
15 Tox 2OROe: 


5) OVERALL BALANCE SHEET. 


The effects of the lubrication of the rails 
can be summarised by stating that from the 
double point of view of the wear of the 
wheel flanges and rails on the one hand, 
and the consumption of motive power on 
the other, lubricating the rails~has ren- 
dered the running conditions over lines 
with small radius curves very much the 
same as those on ordinary lines (*). 


The new experiment shows that in 
critical cases, the lubrication should at least 
quadruple the life of the rails and quin- 
tuple the mileage between returning tyres. 
(It should be noted that the total distances 
made by locomotive tyres on rails lubric- 
ated or dry are in the ratio of 15 to 1 on 
the average.) A rough balance sheet for 
the working shows a net monthly saving 
of over 2 million francs for the Cévennes 
line between Langeac and Alés (*). In 
one month, in such circumstances, the total 
cost of the equipment of a depot (10 loco- 
motives at Langeac) is entirely recovered. 


VII. CONCLUSION. 


As this review clearly brings out, the 
need to lubricate the zone of contact of 


(‘) According to the Railway Gazette, No. 23, 
June 1938, these results have been confirmed 
by those obtained in Australia. 

(2) Single line 150 km long, average traffic 
with many 250 to 500 m curves. 
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flange-rail on small radius curves has been 
felt for a long time and the experience of 
the S. N.C. F. has shown that the appliances 
which lubricate directly the rails the whole 
length of the curve are the best. 


Those just described solve the problem 
as a whole, the proof having been given 
that they satisfy the objective : 

— perfect lubrication of the rubbing 
zone of the flange-rail withowt any risk of 
lubricating the rolling face of the rail; 


— complete protection of the wheel 
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flanges and the part of the rail subjected 
to chamfering; 

— minimum costs of maintenance and 
of supervision of the appliance. 

Furthermore the savings realised exceeded 
those expected. 

The use of these rail lubricators is now 
being made general over the whole of the 
S.N.C.F. and in particular the 2-8-2-R 
locomotives used on the Mediterranean 
coast line: Marseilles-Nice, are being fitted. 

Finally, the old appliances are being 
altered in accordance with the new designs. 


[ 621 .392 & 624 | 


Accidents to some welded bridges under 
very low temperature conditions. 


The Génie Civil of the 15th June, 1951, 
has dealt with the failure of the Duplessis 
welded road bridge over the Saint-Maurice 
river at Quebec (Canada). 


The main points are summarised below. 


This bridge, one of the largest road 
bridges in the Quebec province failed on 
the 3lst January, 1951, at 3 a.m., when the 
temperature had fallen to — 34°C. 


This very low temperature could not but 
have exercised a harmful effect on the 
strength of the welds even though accord- 
ing to a Highway Research Board’s report, 
certain fractures noted in February 1950, 
that is over 2 years after the bridge was 
built, were due solely to the metal not 
being of good enough quality. 

Analysis had shown gas inclusions as well 
as local concentration of carbon as high 
as 0.4 % and of sulphur up to 0.116 %. 
The girders which had shown defects had 
been repaired. 

About a fortnight before the accident on 
the 31st January, 1951, the bridge was 
inspected thoroughly without any apparent 
defect being observed. 

The author of the study asks the ques- 
tion, could the rollers of the bearings have 
become ice bound and thereby the free 
movement in length due to temperature 
changes been prevented ? 

The cause of fracture of the main girders 
has not yet been ascertained. 

. This accident was examined by 
Mr. F. S. Merritt in the Engineering News 
Record of the 8th February, 1951. 

We feel it may be useful to summarise 
briefly the characteristics of the bridge, the 
design of which moreover was straightfor- 
ward, and to refer again to some accidents 
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of the same type, which have occurred 
within the last fifteen years. 


The structure is divided into two sec- 
tions separated by the St. Christopher 
Island. 


It consists of two continuous plate girders 
set at 9.45 m (31’) centres connected by 
cross stretchers spaced 3 m (9’ 10 1/8”) 
apart. 

The western section 420.60 m (1 380’ 9”) 
long consists of eight spans, six being 
54.86 m (179' 11 7/8") long and two 
45.72 m (150’ 1/8”), four of which col- 
lapsed. 

It is carried on the two abutments and 
seven piers in concrete, the centre pier 
having fixed bearings and the others roller 
bearings. 

The lower flange of the main girders is 
parabolic, the upper flange is straight, the 
height in line with the bearings is 3.65 m 
(LE El 6/8) \rands 244 si (8) 1/16%peat 
the middle of the 54.86 m span. 

The thickness of the web is 10 mm 
(3/8”), the web having a stiffener in the 
inner face every 1.5 m (4’ 11 1/16”). 

The floor 35.55 m (51" 3/16") wide 
earsies a, roadway 12.55 m (41" 2 3/16") 
wide and two footpaths cantilevered out 
1.50 m, the welded cantilevers being 3 m 
(9’ 10 1/8”) long. 

The floor is formed by a reinforced con- 
cret slab, the thickness of which varies but 
slightly. In line with the bearings, the web 
of the main girders is reinforced by the 
welded plates required by the loading. 

The bed of the river is fine sand on a 
layer of clay. 

The piers are 12 m to 16.75 m (39' 4 1/2” 
to 54’ 11 1/2”) high. 
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We have no information about the kind 
of foundation nor of the mechanical 
characteristics (angle of internal friction, 
cohesion, etc.) of the two formations, sand 
and clay, factors which can affect the con- 
tinuity of the main girders. 

The reader will find in the Génie Civil 
further information and in particular on 
the loadings. 


The erection took place in the good 
weather season of 1947. 


The collapse took place suddenly. 


It should be noted that the cracks found 
in 1950 started in the top part of the 
flange of one main girder at about 3.5 m 
(11’ 5 13/16”) from one pier just where 
a 60 mm (2 3/8”) thick plate had been 
welded to a piece 50 mm (1 31/32”) thick 
in a region under tension. 


As is known, the attachment of a flat 
of such thickness is a delicate operation, 
the effect of which it is endeavoured to 
reduce by progressively reducing the thick- 
ness on a slope of at most | in 10. 

Generally, the craters at the end of the 
iron filet are avoided by extending the 
filets beyond both ends by short lengths 
of plate to form small troughs, which are 
removed after the weld has been com- 
pleted. 


In Belgium, two welded Vierendeel 
bridges, one the Herenthals-Olen, over the 
Albert Canal; the other the Kaulille over 
the junction Canal, in Campine, were 
closed in January, 1940, owing to serious 
defects occurring during a period of abnor- 
mally cold weather with atmospheric tem- 
peratures of the order of — 20°C. 


The fractures as on the Duplessis bridge 
were sudden, with violent detonations. 


Characteristics features 
of these bridges. 


Herenthals-Olen bridge. 


Built 1936-37, failed 19th January 1940, 
central bay of 61 m (200’ 1 5/8”) span, 
Vierendeel side girders with parabolic 
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upper flange and straight lower flange: 
I section fabricated by welding, floor plat- 
ing with two transversal expansion joints, 
clear cuts through the reinforced concrete 
bed. 


Kaulille bridge. 


Built in 1934-35, failed 25th January 
1940, single span of 48.75 m (159-11 1/4"), 
Vierendeel side girders with parabolic 
upper flange, straight lower flange: Grey 
section, plating having two _ transverse 
expansion joints with clear cut through 
reinforced concrete bed. 


These joints, ordered by the Military 
Engineers to help destruction in case of 
war resulted in a sudden drop in the 
moment of inertia of the lower flange and 
appear to have had an unfavourable effect 
on the proper behaviour of the structures. 


The general opinion is that the excep- 
tional cold making the steel more brittle 
is the fundamental cause of the defects that 
arose: cracks and failures in the lower 
flanges. 

It should be noted that certain rolled 
sections of the flanges may also have had 
internal stresses set up during rolling and 
the subsequent welding could have aggray- 
ated this condition dangerously. 


As a matter of fact, as Mr. Portevin has 
made clear, the three operations involved 
in a weld namely: casting, metallurgy and 
heat treatment, take place almost instanta- 
neously, whereas in ordinary metallurgical 
practice they are carried out separately and 
under the optimum conditions for each. 


The physical-chemical laws governing 
this operation during welding are imper- 
fectly known and _ should incourage pru- 
dence and the greatest care. 


In the case of alloys, the metallurgists 
teach us that the structural phenomena of 
cristallisation during a welding can com- 
plicate themselves by changes of phase. 


In this case, we may also remember the 
defects that occurred in Germany on two 
welded St 52 steel bridges. 


ae 
7 


af these 


AucGustT 1952 


The two rail bridges of the Zoo station, 
in Berlin, consisting of two 50.m (164’ 1/2”) 
long spans, one single track, the other 
double, a short time after completion and 
going into use, showed cracks in the lower 
flanges of the girders. 

According to Dr. G. Scuaper, these defects 
could be attributed to the too high pro- 
portion of alloy in the steel, the chemical 
composition of which caused excessive 
hardening when welding the heavy flats 
and cracking under contraction stresses. 


The German Railways substituted these 
two bridges by two rivetted bridges. 

In the case of the great Riidersdorf 
viaduct, two different main girders, sud- 
denly, cracked at the same place during a 
drop of temperature (—10°) also with a 
violent detonation. Here again, like the 
Zoo bridge, the fracture, according to the 
enquiry, siarted in the lower flanges of 
the main girders. 

As a result of these accidents, the German 
steelmakers have been forced to improve 
the chemical composition of St 52 steel, in 
particular to get a fine grain. 


These accidents to welded bridges and 
structures show that they are very sensitive 
to falls of temperature below zero degree C: 
rivetted assemblies stand up better, no 
doubt due to greater flexibility in adapting 
themselves to the conditions. 


In the case of welding, what is the cause 
disappointments ? It would 
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appear to be due to the complexity of the 
phenomena still ill defined, which accom- 
pany it. 

What is one of the principal remedies 
known to-day? We believe the ductibility 
of the steel. This permits the secondary 
stresses and overloads to be levelled off by 
the plasticity of the metal and assures uni- 
form distribution of the stresses along the 
filets. 

These disappointments are the reckoning 
to be paid when each new process is intro- 
duced. A code of good practice will result 
from enlightenment obtained by the beha- 
viour of the existing structures. 


Welding technique has not ceased to 
advance during the last fifteen years, thanks 
to laboratory investigations and acquiring 
experience; it is called in our view in spite 
of a few cases of lack of success to a great 
future even on bridges and_ especially 
structures. 
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New driver’s brake valves and distributors 


for modern locomotives and motor coaches, 
by S. KELLER, 


Engineer-Director of the Brake Department of the firm Bihrie & Co, Oerlikon. 


The brake gear on modern locomotives 
for working both goods trains and also 
passenger trains and expresses is quite com- 
plicated if the present ordinary compressed 
air equipment be used. Above all, many 
pipes for connecting the many pressure 
reducing valves, distributors and_ relays, 
branched either in parallel or in cascade 
are needed. 

As the mechanical, electrical, and pneu- 
matic appliances as well as the electrical 
wiring and the needed piping are usually 
confined in the very limited space on the 
locomotive, the undoing of a connection to 
change any compressed air detail is usually 
difficult and takes much time. 

The new Oerlikon compressed air brake 
fittings for locomotives and railcars meet 
modern needs. Not only the driver's valves 
for the automatic and direct brakes but 
also the distributors and relays have a car- 
rying bracket to which all the mains are 
connected. As a result every part can be 
taken down and _ exchanged without 
undoing the piping. 

Moreover, all the details of one type 
of pneumatic equipment are interchan- 
geable. As these appliances have no slide 
valve nor metal piston, they are much 
simpler and cheaper to repair. 


Oerlikon driver’s valve, type FV3. 


The FV3 type of automatic brake is 
distinguished in particular by a very sen- 
sitive pressure variator, reliable in working 
and not subject to any wear. As a result 
of tests made with very long passenger and 
goods trains, the jerky filling at high pres- 
sure and in a short time with the danger 


of overloading the brake cylinders has been 
replaced by a slight overloading at low 
pressure for a longer period. The overload 
is about 0.4 kg/cm? (5.6 lbs. per sq. in.). 
When the brake handle is re-set to the 
running notch, the slight excess pressure 
will be automatically brought to the service 
pressure what ever the length of train and 
without the brakes being applied. The 
comparative trials carried out on trains of 
150 to 200 axles have shown that the time 
to release the brake is considerably shorter 
at the end of the train than when the step 
by step method of application is used. The 
driver’s valve type FV3 makes it possible 
to take full advantage of a brake with 
variable release. ‘The design of the valve 
is such that it can be fitted very nicely to 
the table in the driver’s cab. 


Oerlikon driver’s valve, type FD1 


The FDI pattern driver's valve for the 
direct acting brake has neither slide valve 
nor metal piston. It can be used not only 
when the engine is shunting but also — 
thanks to its great capacity — for the direct 
feed of the brake cylinders of whole trains. 
The maximum desired brake pressure can 
be set between very wide limits by adjust- 
able stops. Within these limits the pressure 
can be increased or reduced by fine grada- 
tion. Thanks to its small size and its neat 
design, this valve also lends itself to being 
fitted directly on the control table of 
railcars. 


Oerlikon distributor, type LST1 
for locomotives. 
The Oerlikon type LST1 distributor for 
locomotives represents considerable pro- 
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gress as regards simplification and standard: constructional elements with the following 
ization of the brake layout of locomotives objectives in view: 


and railcars. 1) distributor for locomotives, for goods, 


The LST1 type belongs to a series of passenger and express trains with two 
different appliances based on assemblies of ranges of pressures, for anti-slip brake; 


Oerlikon brake distributor for locomotives, type LST}. 
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2) distributor for locomotives, for rail- 
cars with or without high speed brake and 
with anti-slip brake; 


3) relay with the pressure ratios adjust- 
able at will; 


4) distributor to operate the compressed 
air brake on rail cars fitted with vacuum 
brake. 


For all these appliances, the same fasten- 
ing is used, this having more or fewer 
connectors according to the application. 
To replace a distributor here again there 
is no need to undo any piping. In addi- 
tion the new distributor for locomotives, 
type LSTI, has the following advantages : 


a) the pressure of the main reservoir 
can be used to feed the brake reservoirs 
which enable small cylinders to be used, 
especially with the quick acting brake. 
These small cylinders are desirable in view 
of the restricted space available on loco- 
motive bogies; 


b) the brake is inexhaustible as after 
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each release the normal maximum pressure 
in the brake cylinder is again reached on 
the rapid brake action that follows; 


c) the section through the admission 
valve is so large that one distributor can 
feed all the brake reservoirs on the loco- 
motive in short intervals of time; 


d) for the preliminary control of the 
anti-slip brake provided in the type LST1 
distributor the pressure in the train pipe 
can be used, which makes any special 
pressure regulating valve or relay unne- 
cessary; 


é) the use of the LST1 “distributor 
enables a large number of joints to be sup- 
pressed. ‘This reduces the cost of erection. 


The compressed air apparatus described 
above are based on the same modern prin- 
ciple of construction as the Oerlikon brake 
for goods, passenger and express trains, 
which was tested and thanks to its good 
features, was authorised to be used without 
any restriction in 1949 on international 
traffic by the Brake Sub-Commission. 
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Braking of Diesel rail vehicles. 


Results of tests and a review of experiences with different systems, 
by George W. McArp, A.M.I.Mech.E. 


(Diesel Railway Traction, January, 1951.) 


In all railway workings the prime object 
before the operating staff is the transport 
of goods and passengers from one point to 
another in the shortest possible time con- 
sistent with safety. On the assumption that 
the track is all that can be desired, rapid 
transport involves three main factors, 
namely, ample engine power for the load 
to be hauled, correct signalling arrange- 
ments, and efficient braking. The last 
mentioned covers many other factors 
besides the actual power of the brake itself, 
and includes the layout of the brake, the 
type of retarding agent used, the design 
and condition of the equipment, and the 
skill of the operator. Other factors external 
to the brake influence the distance in which 
the stop can be made, such as rail and 
wheel tread condition, whether sanding is 
available, and so on, but those already 
named are perhaps the most vital. 


In shunting, locomotive brakes, though 
important, do not figure so prominently in 
the designer's view as do those on the faster 
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Fig. I. — Graphs to 
average speed obtained by 


moving units, and it has often been pointed 
out that a second’s delay when travelling 
at high speed may be more than sufficient 
to spell disaster, since a distance of 147 ft. 
is covered by every second’s delay when 
running at 100 m.p.h. It is, moreover, pos- 
sible to achieve a higher mean effective 
speed of the train throughout its journey 
by providing efficient and rapid braking, 
as the graphs in figure 1. clearly show, and 
for this reason, among others, brake equip- 
ment and its maintenance calls for careful 
consideration. 


Simultaneous applications. 


Where a train of vehicles is in question 
an effective method of applying the brakes 
as nearly as possible simultaneously on each 
vehicle must be included to avoid the 
bunching of coaches which otherwise occurs 
when the brake is applied. ‘The quick-ser- 
vice application valve mounted on each 
cylinder takes care of this so far as the 
vacuum brake is concerned, while the oper- 
ation of the admission valves on electro- 
pneumatic systems by electro-magnetic val- 
ves gives the desired result for the air brake, 
specially designed triple valves being used 
on normal air-brake systems. By such 


means retardation of the whole unit is 
achieved quickly without discomfort to 
passengers, and a deceleration up to 


3 m.p.h.p.s. is regarded by many operators 
as the maximum desirable, with 2 m.p.h.p.s. 
as the more normal rate. For sudden emer- 
gencies, where safety of life and stock takes 
precedence over passenger comfort, a value 
up to 4 m.p.h.p.s. is permissible. 
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Braking methods. 


Although the old-type shoe is still used 
on most vehicles, other means have been 
adopted for braking. Among these may be 
named the drum and disc brakes, and the 
use of the traction motors on ‘electric units 
in what has come to be known in Diesel 
traction circles as dynamic braking. What- 
ever form the brake selected may take, the 
end in view remains the same, 7.e., the 
kinetic energy stored in the moving train 
must be destroyed in the required time 
and distance. Brake ratios up to 90 % 
were considered satisfactory in former years 
when speeds rarely exceeded 80 m.p.h., but 
with the increased speeds at which many 
Diesel expresses operate today, ratios as 
high as 250 % are used, provision being 
included in the equipment for the gradual 
reduction of this ratio as the speed falls. 
In passing, it should. be emphasised that 
the weight factor influences directly the 
amount of kinetic energy to be destroyed, 
and this is one of the chief reasons why 
designers of high-speed rolling stock restrict 
the overall weight of their products where- 
ver possible, consistent with other essentials. 

Tests made at the University of Illinois 
show that the coefficient of friction between 
brake block and wheel varies according to 
(a) the pressure applied between block 
and wheel and (b) the rubbing speed on 
the block — otherwise the vehicle speed — 
being greater generally with lower shoe 
pressures and speed. A standard unit pres- 
sure does not appear to be practicable, 
since speed must be taken into considera- 
tion, but from the tests referred to it would 
seem that the safe limit for block pressures 
may be obtained from the value of 
90 000 ft. Ib. of work per second, this being 
the maximum value for energy destruction 
at the tyre. Even at this value the risk 
of melting the rubbing surface of the block 
exists, and the lower limit of 70000 ft. Ib. 
per second seems preferable for some classes 
of service. Figure 2 gives the results of 
tests conducted at the university in regard 
to the brake shoe pressures when applied 
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at the three different speeds indicated, the 
stopping distances for each combination of 
speed and block pressure being shown, 
shoes measuring 3 1/4 in. wide and 
14 1/4 in. long being used. 

From what has been stated it will be 
obvious that heat dissipation is the crux 
of the problem, and where this is accom- 
plished by the application of cast-iron 
shoes to the tyre periphery, the generation 
of relatively high temperatures may have 
serious repercussions in regard to the 
security of the tyre to the wheel centre, 
or, where solid forged-steel wheels are used, 
the cracking of the disc wheel. It was to 
safeguard the tyre and wheel attachment 
that many steam locomotives included in 
their design special water-cooling provi- 
sion for the tyres where the engines were 
required to negotiate long grades with 
heavy trains. 

Two methods are available by which the 
unit pressure on the blocks — and there- 
fore the resultant temperature — may be 
decreased, that shown in figure 3 being 
the former L. M.S. R. compound shoe 
arrangement, while the 


clasp _ brake 


STOPPING DISTANCE IN THOUSANDS OF FEET 


4 6 8 10 2 14 16 8 
BRAKE SHOE PRESSURE IN THOUSAND LB 
Fig. 2. — Relation between stopping distance 
and brake shoe pressures as obtained in 


University of Illinois tests. 
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layout seen in figure 4 is the method used 
on the « Merchant Navy » class locomotives 
of the Southern Region of British Railways. 
The latter has the additional advantage of 
eliminating the extra longitudinal pres- 
sure which the axlebox guide faces must 
sustain in the normal single, or equivalent, 
block application. 

With drum brakes, difficulty may be 
~ experienced in some vehicles at the higher 
speeds owing to structural limitations which 
have cramped the designer in his natural 
desire to provide large-diameter drums, rib- 
bed for air cooling, with a reasonably broad 
shoe surface. He has a distinct advantage 
in the fact that modern shoe linings afford 
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Three essentials of a good brake. 


The three essentials of a good rail vehicle 
brake are as follows: 


(1) tyre surfaces must not be interfered 
with by the application of retarding units, 
and the braking must be under such con- 
trol as will eliminate skidding and con- 
sequent tyre wear and overheating; 


(2) reduction of the number of pin 
joints in the operating gear, and therefore 
maintenance expense as well as loss of 
power and movement; 


(3) the design of the brake must be such 
that its application will not involve the 


3. — 


Fig. Com- aa 
pound brake 
shoes used by 


LoaM._ so. R. 


appreciably higher coefficients of friction 
than is obtainable with cast-iron shoes 
operating on steel tyres, and the further 
benefit that adjacent bearings do not suffer 
from floating grit as do those in the region 
of the cast-iron shoe brake. Years of design 
and running experience on road vehicles 
are available for the railcar drum brake 
designer, and, while there may be certain 
snags in the use of this type on vehicles 
which must operate equally in either direc- 
tion of running, these are not regarded as 
_-unsurmountable, and will almost certainly 
be overcome despite the fact that experi- 
ence on some lines has been unfavourable 
to their use. Research is being carried 
out by experts with extensive experience 
of drum brake design in complete assurance 
of ultimate success. 


— Clasp brake fitted to « Merchant Navy » class locomotives 
on the Southern Region of British Railways. 


release of a shower of metallic grit, with 
consequent danger of wear to surrounding 
machinery and driving gear, and ill effects 
on electric driving motors. All these appear 
to be found in the drum brake, and the 
discarding of this type of brake by a num- 
ber of lines would seem to be due to lack 
of experience of the operating department 
in maintenance and unwillingness of prin- 
cipals to take proper steps to have their 
staff trained, load per unit area on fric- 
tion lining being too high for successful 
results, and brake drums made of unsuit- 
able material. 

The maintenance of a drum brake is a 
totally different affair to that required for 
the ordinary cast-iron shoe and its advan- 
tages would seem to justify the extra main- 
tenance necessary. In the illustration 
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hereunder the carrying bogie is shown 
for a  Diesel-electric railbus built by 
Armstrong Whitworth and purchased by 
the former L. N. E. R.; this vehicle was 
provided with drum brakes, which had an 
excellent record of service, due, without 
a doubt, to the quality of maintenance 
provided. Important factors in_ effective 
drum brake service are the design and pro- 
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mum effectiveness as the vehicle speed falls 
to the lower ranges. 

The disc brake, it is claimed, gives uni- 
form deceleration at all speeds commencing 
from the instant of application, and will 
easily yield a deceleration of 3 m.p.h.p.s. 
without any discomfort to passengers when 
applied at speeds of 100 m.p.h. ‘Thus, a 
train so equipped should decelerate to a 


Drum braked carrying bogie for a Diesel railcar. 


portions of the drum, the material of which 
the drum is made, and the composition of 
the fabric lining. 


Disc brakes. 


The disc brake is a relatively new 
departure and has been used on Con- 
tinental and U.S.A. railroads with success. 
One of its many advantages is due to the 
facility with which the heat, generated 
while the kinetic energy of the train is 
being destroyed, can be dissipated without 
damage to the braked surfaces as occurs 
with the old-fashioned cast-iron — block. 
Where the retarding effort of any brake 
should be at a maximum when the vehicle 
is travelling at top speed, the ordinary 
brake shoe fails, only reaching its maxi- 


stop from 100 m.p.h. in less than 2500 ft. 
Another excellent feature of the disc brake 
is the easy control afforded on a long 
down-grade, heat dissipation being achieved 
at a rate which keeps disc and shoes well 
within their thermal capacities. 

A good example of a coach bogie fitted 
with disc brakes is illustrated on page 620 
in which the discs and operating cylinders 
are Clearly visible. Another illustration, on 
page 622, shows the disc with the multiple 
fins provided between the disc faces; these 
fins not only provide an increased cooling 
surface, but also function as a_ rotating 
blower for the expulsion of the hot air. 
Special attention has been paid to the 
method of securing the disc to the wheel 
hub to permit the maximum of freedom 


x 


¥ 
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for the expansion of the disc when sub- 
jected to temperature changes. | 

Dynamic braking is a logical outcome of 
what is known in straight-electric traction 
operation as regenerative braking, but in 
the latter case, in addition to the valuable 
retarding assistance derived where motors 
are used as generators, the current pro- 
duced — in theory at least — may be pas- 
sed into the transmission line and be use- 
fully employed by electric units hauling 
stock up the grade. ‘This possibility does 
not exist in Diesel-electric traction in which 
the current generated must be dissipated 
through resistances or air coolers which may 
be mounted on the roof of the vehicle. 
Considerable braking power is_ thereby 
obtained, however, braking efforts as great 
as 95000 Ib. at 15 m.p.h. being available, 
with a minimum of 40000 Ib. at speeds 
ranging from 7 1/2 to 40 mph. The 
normal air brake is used only for excep- 
tionally heavy loads, or grades and in 
emergency. 


Electro-magnetic brakes. 


Another type of brake which calls for 
reference is the electro-magnetic which uses 
the weight of the vehicle and the existing 
coefficient of friction between rail and 
brake shoe. ‘Two disadvantages are experi- 
enced with this form of brake, however, 
namely, the destructive effect on points and 
crossings when these are traversed with the 
brake in operation, and the difficulty of 
making a good magnetic contact on all 
rail surfaces, new and worn rails varying 
appreciably in outline. A third objection 


“which might be raised would be that such 


a brake depends entirely on the efficiency 
of a closed electric circuit rather than the 
breaking of a circuit. 

The efficiency of a brake is a vital matter 


-which appears at last to be receiving the 


consideration to which it is long overdue. 
By efficiency one naturally relates the 
initial force applied, multiplied by the 
mechanical advantage of the gear system, 
to the actual force applied at the wheel 
tread, in the case of the ordinary cast-iron 
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shoe brake. In the usual arrangement of 
brake rigging the value of 75 % is appro- 
ximately the maximum one could allow, 
and in some cases even this figure would 
be quite generous. 

Efficiency is seriously impaired by the 
use of details — brake shafts and arms, 
crossbeams, and so on — in which the 
stress is too high, permitting considerable 
deflection of the detail when the full brake 
load is applied. A large number of 
included pin joints detracts from the effi- 
ciency of any brake system, as the slack in 
each joint must be taken up before any 
pressure can be applied at the vital sur- 
faces. In most vehicles these pins are a 
slack, or easy, fit initially, and if no lubric- 
ation is provided, wear and rust quickly 
deteriorate the value of the joint. 

Generally, brake rigging as normally 
provided until recently is inefficient, noisy, 
relatively heavy, and abounding in weak 
points, in any one of which failure may 
occur. The fact: that safety straps are 
included-in many vehicle designs to pre- 
vent broken rigging fouling the track is 
ample evidence that this has been recogn- 
ised, and the ideal arrangement is that 
shown in figure 5, where a separate cylin- 
der operates each brake shoe, compensa- 
tion being perfect since it is obtained 
through the operating medium — com- 
pressed air. This scheme combines a slack 
adjuster, and as its mechanism is enclosed 
in a chamber after well greasing, wear is 
reduced to a minimum, with efficiency 
maintained at a high level around 90/95 %. 
The braking effort for the suspended brake 
block is taken off at point « B ». Where 
such a direct application is not feasible, 
a common method in the U.S.A. is to fit 
more brake cylinders than usual with 
fewer gear details. On bogie vehicles, for 
example, instead of having one or more 
cylinders slung beneath the coach under- 
frame, operating linkages on the bogies 
through the medium of a single brake 
shaft, one, or possibly two cylinders are 
mounted on each bogie, thus simplifying 
the link mechanism. 
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Carrying bogie fitted with the Budd disc brake, 


Braking in relation to train weight. 


While considering the question of brake 
efficiency, it is interesting to recall a for- 
mula frequently used by railway engineers 
to ascertain the braking rate of any train 
in relation to its weight, the resulting 
figure being stated as a percentage of the 
train weight. The formula — percentage 
braking efficiency = 3.34v?/d, where v =the 
speed at the moment of braking (in m.p.h.) 


and d = the stopping distance in feet — 
was explained by Mr. W. S. Grarr-BakerR 
in a paper to the Institution of Locomotive 
Engineers in 1937, when he pointed out 
that its chief advantage lay in its indepen- 
dence of knowledge of the train weight, 
the formula affording « a reasonable basis 
of comparison between trains of different 
weights running at speeds which may dif- 
fer within reasonably wide limits ». 
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Fig. 5. — Brake cylinder and slack adjuster complete, Westinghouse Brake & Signal Co. Ltd. 
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Disc as fitted on bogie shown in the illustration 
on page 618, 


The application of the formula to the 
high-speed brake tests with a Diesel-elec- 
tric locomotive as recorded in Diesel Rail- 
way Traction for November, 1946, gives, 
for the four ordinary stops (Nos. 1 to 4) 
percentages of train weight of 2.98, 3.12, 
4.09, and 4.32 respectively, and for the fifth 
stop under emergency conditions 7.0 °7%, the 
total weight of the train with the loco- 
motive included being 958 long tons. 

An important factor concerns the coeffi- 
cient of friction between wheel and block 
during the period of a brake application. 
In the early brake shoe tests conducted by 
Galton and Westinghouse in 1878 this 
coefficient was stated to vary as follows: 


Speed. Saar Oy 10.820, 730), 405 250, 960 
Coefficient .826 .241 .191 .158 .185 .178>.105 
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Tests carried out in 1938 at the Uni- 
versity of Illinois gave average coefficients, 
taken from start to stop, which vary accord- 
ing to the initial speed of the train and the 
total pressure on the brake shoe. These 
were shown graphically in Diesel Railway 
Traction for October 1938, and it will be 
noticed that the coefficient of friction 
decreased generally for all shoe pressures 
up to 14000 Ib. At speeds over 80 m.p.h. 
the coefficients took an upward curve. 


When the application of the brake is in 
the hands of a skilled driver he can allow 
for the improved coefficient which occurs 
at the lower speeds, and brake accordingly. 
But it is possible to control the rate of 
retardation by the provision of a controller. 
In one type of instrument illustrated below 
two mercury tube switches are provided, 
one of which cuts off the brake cylinder 
pressure when a_ pre-determined rate of 
retardation has been reached; the other 
reduces the brake cylinder pressure if a 
slightly higher rate is attained. Each mer- 
cury tube has two electric contacts, one of 
which is placed near the bottom so that 


Westinghouse retardation controller. 
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it is always covered by the mercury, and 
the other is placed at a certain distance 
above the level of the mercury. 

When the brake is applied the momen- 
tum of the mercury causes it to move for- 
ward up the tube in the direction of run- 
ning, and when the retardation rate 
reaches a certain value the mercury makes 
contact with a wire which causes a con- 
tactor to operate and de-energise the 


| NBS 
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The Netherlands Railways have intro- 
duced new straight-electric rolling stock 
since 1945 which operates at speeds up to 
150 km.p.h. These units are provided with 
Westinghouse brake equipment designed 
with a view to an automatic control of the 
brake pressure in the cylinders to suit the 
speed at which the train is running. By 
this means reasonably short stopping 
distances are achieved from high speeds, 


48 Volt Supply _ 


| 
Exhauster 
Cut out valve 
| 


* Drivers 106E| | 
4 Brake xy," Cones 22mm Choke 4 ’ 
a pWelve Exhauster a ] 4 
ing 5 Controller Cut out 
2 Hose 2 Deadmans Valve or Valve ‘ 
E 2 
2‘Deadmans | 3, x," 2 % 3% 
Emergency ae tory | Rotary © 
Valve___ Ss 4 Seconds ( Exchauste: Ss 
EL flonboane) —" x 
2 eservoir ,. 2 2" Drain Plug 
wr Le patience (See eee 
n = _ : 
7 4% Cylr. Control Valves i = 4 Cylr. Control Valves End 
yy ; 
Reservoir | Reservoir, 1 “A Reservoip i 
Brake Brake Brake ps Brake 
Payer] | pay aise Siti Sp __"| [sap Bint 
9 0 oO 1@) 


% 


.the contact in the second 


Release Wires 
Fig. 6. 


application magnets, thus preventing a 
further increase in brake cylinder pressure. 


“As speed is reduced the rate of retarda- 


tion increases, due to the higher frictional 
values obtainable between blocks and 
wheels at the lower speeds. The mercury 
therefore moves further up the tubes, and 
tube, which is 
set further away from the mercury than 
in the other tube, is made, and operates 
a second contactor which causes a reduc- 
tion of brake cylinder pressure. The flow 
of mercury taking place in the tubes is 
damped by a restriction in the glass tube. 


Capain Pugs % te ve 


— 


% Flexible Hoses 


Release Wires 


— Arrangement of automatic vacuum brake for a main-line Diesel locomotive. 


and as the speed falls, the speed-control 
equipment reduces the high brake forces 
used at top speed so that at every instant 
braking shall be ample for the require- 
ments and yet never exceed the safe limit 
of adhesion between wheel and rail. 


Vacuum brakes. 


So far as brake equipments are con- 
cerned, the usual plan is to provide a 
straight air brake on the smaller units, with 
straight and automatic air brakes on the 
larger units, many of which operate in 
multiple. In the case of a main-line Diesel 
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locomotive which may be called on to work 
vacuum braked rolling stock, a straight air 
brake could be provided for the locomotive 
(using the self-lapping valve with its gra- 
duated application and release features) 
in conjunction with the vacuum brake 
on the train, the brakes on _ the 
locomotive being controllled by a spe- 
cial air-vacuum proportional valve. <A 
typical schematic for a vacuum-braked 
locomotive is shown in figure 6, in which 
the usual provision is made for a deadman 
emergency application, this taking the 
form of a spring button in the main con- 
troller handle. 3 


In somes cases, especially heavy shunters, 
a treadle arrangement is more suitable for 
the deadman application, the treadle being 
kept in the depressed state by. the driver 
while the locomotive is in operation. In 
the event of his collapse, it is assumed that 
his body will fall away from the treadle, 
and thus ensure it freedom to rise (by 
spring action), so bringing the emergency 
valve into operation. Whether the treadle 
or the controller handle is used for the 
purpose, it is usual in shunting engines 
to duplicate the gear on each side of the 
vehicle, to allow the driver to operate from 
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either side of his cab. ‘The time taken to 


cross from one position to the other is 


more than covered in the ordinary course 
by the 4 or 5 sec. time lag which occurs in 
the operation of the emergency valve 
before the brake is applied. 


Because of the greatly increased adhe- 
sion which may be obtained with an effi- 
cient sanding system — 40 °% as against an 
otherwise top figure of 25 % — every care 
should be taken in the design of this 
auxiliary as well as in its erection, the jets 
of sand being concentrated on the rail as 
close to the points of contact of wheel 
and rail as can be achieved safely. The 
sanding pipes should be rigidly held in 
position, and if fine sand can be ensured, 
the ends of the pipes should be flattened 
to deliver a thin stream of sand about | in. 
wide to the wheel and rail contact. In 
some cases an emergency sanding opera- 
tion is provided for, so that the retarda- 
tion otherwise possible may not be lost 
by poor rail contacts at the critical 
moment. Such a scheme is naturally addi- 
tional to that which is under the driver's 
control and comes into action automatic- 
ally immediately the emergency brake 
application occurs. 


¥ 
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The new Breda railcars, type ALn 880, 


by Dr.-Ing. Franco Silvano OreFIce. 


(Ingegneria Ferroviaria, January, 1951.) 


1. Technical development of the rail- 
cars with internal combustion engi- 
nes. 


It is about twenty years since the first 
railcars (which were then equipped with 
petrol motors) were turned out from the 
Breda Works, and their technical improve- 
ments have been realized gradually, follow- 
ing trials and experience in service. 

Certain of their characteristics have been 
retained, such as driving positions at both 
ends, whilst others have been modified, 
such as the type of bodywork, tare, power, 
number and position of the motors. 


Thus, after the first ultra-lightweight, 
72-seater, cars fitted with petrol motors, 
there came a type which for several years 
was considered the standard, with 56 seats, 
all-metal body and two motors mounted 
on the bogies. These motors, originally 
petrol, were replaced by Diesel motors for 
reasons of reduced fire-risk and greater 
economy of operation. 

A total of about 300 railcars were thus 
put into service; they were driven, as we 
have already stated, by Diesel ,piston 
engines, the power of which was succes- 
sively increased from 2 x 130 HP to 
2-x 160 HP, to enable them to meet ser- 
vice requirements more satisfactorily. At 
the same time, certain accessories were fit- 
ted and have been improved, to form the 
particular characteristics of the Breda rail- 
cars, as follows: 

a) smoothness and maximum flexibility 
of the motor unit, obtained by using, 
amongst other things, Ricardo type pre- 
combustion chambers; 

b) mechanical transmission with « fluid- 
drive »; 


c) continuous mechanical gear change, 
with « Wilson » type epicyclic gears and 
electro-pneumatic control. 


As regards operation, whilst railcars were 
originally intended to circulate singly, 
there has gradually arisen the need for 
making up railcar sets, in view of the 
public welcome for this new type of rapid, 
nice and comfortable service, which was 
particularly suitable for the Italian rail- 
way system with its numerous secondary 
lines having frequent stops and varying 
gradients. 


The railcars therefore increased in 
weight, and were fitted with buffing and 
drawgear of the normal type, in place of 
the bumpers and drawhooks of the auto- 
mobile type; consideration was _ especially 
given to the possibility of multiple drive, 
which was realized by recourse to fairly 
complicated electrical circuits, and allowed 
the driver to control from his cabin up 
to four Diesel motors of two coupled 
vehicles. Multiple operation also gave rise 
to the need for providing the travelling 
public with a fresh amenity — the pos- 
sibility of moving from one vehicle to 
another during running. 

All these requirements gave rise to the 
latest type of railcar ALn 880, designed and 
built immediately after the world war with 
Italian labour and materials, to specifica- 
tions drawn up by the State Railways. 


2. Technical characteristics 
and features of the new type. 


Practical operation of railcars demon- 
strated the necessity of providing vehicles 


626 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


which would fulfil the following principal 
conditions : 


a) maximum capacity in regard to avail- 
able seats, and possibility of a high degree 
of « flexibility in operation >; 


b) space available inside for auxiliary 
services (luggage racks, postal compart- 
ments, toilet) ; 


c) communicating gangway between ve- 
hicles; 


d) appreciable economy, even at full 
load; 


e) smooth running and comfort much 
superior to that provided by road _trans- 
port services. 


All these points must naturally bear 
relation to the services in which the Italian 
State Railways intend to use the cars; that 
is to say, they must provide, on non-elec- 
trified lines, a fast service, at low operat- 
ing cost, sufficiently « flexible » to allow 
for easily adaptation to the volume of 
traffic. 


These conditions are completely  satis- 
fied by the new Breda ALn 880 type rail- 
cars, by the provision of a number of 
arrangements which we shall describe in 
more detail later, but which may be sum- 
marised here, as follows : 


— 80 available seats per motor or trailer 
vehicle, with provision for meeting greater 
demands by marshalling into sets of two 
motor and one trailer car, all with com- 
municating gangways, as in normal main 
line trains; 


— provision of luggage compartments 
and postal services, toilets, entrance, vesti- 
bules and gangways perfectly suited to 
their purpose; 


a through gangway (in spite of the 
streamlined exterior) which meets the fol- 
lowing conditions : 


a) a driver’s cab free from all obstacles, 
providing complete and unobstructed view 
of the line; 
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b) no detachable accessories to be found 
room for, or to occupy useful space; 


c) two vehicles can be coupled together 
in a minimum of time; 

d) driver's 
proof; 


cab completely weather- 


e) cab can be isolated when being used 
by a driver; 

f) manual operation, without auxiliaries 
which are liable to defects or damage for 
any reason or cause : 


— high-power motors, permitting the 
haulage of a trailer at speeds in excess of 
130 km/h (80 m.p.h.) on the level at full 
load. At the same time, the motor is of 
reduced dimensions and is located under 
the centre of the body to leave the whole 
of the floor space free for provision of 
seats, services, etc. The use of a single 
motor, in place of the two so far used, is 
justified by the experience of the Italian 
State Railways, which has been that motor 
failures represent a minimum percentage 
of the total causes of railcars failures: 


— maximum passenger comfort, with 
commodious modern seats with springs 
and rubber upholstering, spacious accom- 
modation for hand luggage, luggage-racks, 
warm air heating, fluorescent lighting and 
individual incandescent lighting with light 
fittings under the luggage racks operated 
by nearly switches. 

All these characteristics make the Breda, 
type ALn 880, railcar, one of the most 
modern vehicles of its kind, capable with 
suitable furnishing of providing de luxe 
services, with bar, dining facilities if 
required, Pullman saloon, etc. 


3. Features of design. — 
Materials used. 


The overall dimensions of the new rail- 
car are shewn in figure 1. The car is of 
standard gauge (but there is already a 
slightly smaller version of metre gauge) and 


can negotiate curves of 90 m (295 yards) 
radius. 
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Speed on straight and level sections 
exceeds 130 km/h at the normal power 
output of the motor, which develops more 
than 460 HP; severe and _ prolonged 
acceptance trials have been carried out 
with the motor on a test bed. 


The weight in running order is about 
43 tons, made up as follows : 


Body 21 000 kg 
Bogies 11 500 kg 
Motor and accessories 9 000 kg 
Fuel, oil, water and sand . 1 500 kg 

Total . 43 000 keg 
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siderable compression forces which develop 
in this portion of the body, the secondary 
members are sufficiently compact to avoid 
billowing of the plates. To resist shearing 
the panels are reinforced by vertical struts 
and the window lights have been shaped 
to the contour and surrounded by a 
« hem >» to avoid a dangerous concentra- 
tion of stress. 

The frame, in particular, must carry and 
distribute, in line with the remainder of 
the structure, the concentrated weight of 
the motor, which rests on four bearings 
with a suitable intermediate bed and 


double flexible hangers. 


Fig. 1. — Side elevation and plan of railcar with through gangwav. 


It will be seen that the dimensions of 
the vehicle are proportioned to make full 
use of the rolling stock gauge, to provide 
adequate seating space and smooth run- 
ning through curves, even with the vesti- 
bules coupled. This latter characteristic 
is due, in particular, to the judicious spa- 
cing of the pivots, which is at 18.5 m 
(20.22 yards). 

The body, constructed on the tubular 
-~beam principle, is made up of plates and 
pressings of standard quality steel, type 
Aq 42. 

The basis of design calculation therefore, 
presupposes that the full cross-section is 
resistant area and in order that the roof 
should be capable of supporting the con- 


Static load tests on the body framing 
have confirmed that the body fulfils the 
prescribed load conditions, both as regards 
the maximum internal demands on _ the 
various parts (measured by extensometer) 
and also the elastic deformation under a 
maximum load corresponding to the total 
static load and dynamic overload. 

Figures 2 and 3 show the completed rail- 
car and the harmonious exterior aspect 
with its flowing lines, shapely curves and 
full aerodynamic form. 


4. Construction. — Acceptance and 
stationary tests. 

The greatest care has been taken with 

the welded construction, in order to obtain 
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Bigs 2: 


a homogeneous and well assembled whole, 
even when, for manufacturing reasons, they 
are made in separate component parts. 


All the various components are manu- 
factured in series, by means of jigs, which 
guarantee that they will all be identical 
and that all the holes drilled will cor- 


9 


— End view, gangway retracted. 


— Exterior of the vehicle. 


respond. The different components are 
then assembled on large jigs which make it 
possible to assemble the sides, the frame, 
the roof and the ends separately; these 
parts are then welded in turn and form 
the tubular framework of the body (fig. 4). 
After this, the floor, wooden framework, 
ceilings, pannelling, and interior fittings 
as well as all the accessories are assembled. 


During construction, the various parts 
are checked against the drawings several 
times, and the quality of the welds checked, 
to make sure the tolerances allowed are 
not exceeded. 


The metal framework of the prototypes 
in addition underwent static tests, to make 
sure that the deflections under given loads 
corresponded to the results of the cal- 
culations. 


First of all, the metal framework was 
subjected to a load corresponding to the 
actual weight of the body, then to the 
maximum load laid down, and finally, to 
a load equal to the sum of the two pre- 
vious loads plus the dynamic effects of 


running. During these tests, the maximum 
deflection which did not exceed 16 mm 
(5/8”) was checked, together with the 


stresses in the main components by means 
of mechanical extensometres fixed at pre- 
determined points. 


The stresses measured were of the order 


- 
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of 2 to 4 kg/mm? (1.269 to 2.539 tons per 
sq. in.) on the average; in other words the 
metal components under full static and 
dynamic load had a safety coefficient of 
about 10. 


After the tests, all the components 
returned to 0 when the load was removed, 
which proved, as expected, that they were 
well within the field of elastic deformation. 
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form a bearing for the floor. The longt- 
tudinals and cross-bearers are 4 mm (5; 32”) 
thick. 


The underframe has a particularly 
interesting feature at each end, where spa- 
cious platforms, of caisson section, form 
bearers for the bogies and at the same time, 
entrances to the car. 


At the end, there is a robust headstock, 


Fig. 4. — Metal framework. 


5. Description of the body. 
Metal framing. — The facing is of steel 


“plate, 1.5 mm (0.059 in.) thick, electric- 


arc welded and fixed to a framing of three 
longitudinals (bottom, centre and_ top) 
and vertical struts. The framing members 
are specially designed steel stampings of 


suitable forms and sections, the plates being 


spot welded to the framing. 


The underframe comprises four C-shaped 
steel pressings (the two inner members 
being drilled for weight reduction) con- 
nected by a _ suitable number of cross 
bearers of similar shape, which together 


6 mm (15/64) thick, for carrying the buf- 
fing and draw gear. 

All frame members are connected by 
electric welding. 

The roof is made up of small L-shaped 
curves, alternating with larger curves, 
covered with ¢.5 mm steel plate, electrically 
welded. Area of free plate has been kept 
to a minimum to avoid billowing of plates 
subject to compressive stresses. 

From the centre of the underframe are 
hung strong steel brackets, welded to the 
longitudinal and cross members, to form 
a bearing for a secondary underframe, on 
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which, as we shall describe later, are 
mounted the motor and its allied parts for 
transmission and control. 


The nett weight of the framing described 
above is 9000 kg (19 840 Ibs.). 


Furnishings. — The interior of the 
vehicle is subdivided to form the following 
main compartments : 


—a compartment for 80 passengers 
(fig. 5) with small partitions forming 
three semi-compartments, the object of this 
being to allow simply, for operating pur- 
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The panelling of the passenger com- 
partment is in aluminium plate, faced with 
green marbled linoleum, whilst that of the 
other compartments is also of aluminium 
plate, painted in suitable colours. 


The flooring is of special timber (« pani- 
forti >), 20 mm (2 5/32") thick, covered 
with grey and green linoleum. The angles 
formed by the floor and walls are rounded 
to facilitate cleaning. Below the floor is 
a « superopaque » layer of thermic and 
acoustic insulating material, protected by 
two thin steel plates. 


. — Interior 


poses, possible separation of classes or divi- 
sion between smokers’ and non-smokers’ 
compartments; 


— two entrance vestibules, with outer 
doors, sliding type, with electro-pneumatic 
control; e 

— two luggage compartments, with ser- 
vice compartments below; 


— a toilet compartment; 
— a postal compartment; 


— two driver's cabs, with accommoda- 
tion for train conductor (fig. 6). 


of the compartment. 


In the walls and roof, bituminous felt 
and cork have been used for thermic and 
acoustic insulation. 

The compartment ceiling (fig. 7) has a 
characteristic double arch form, which 
provides for a central warm air distribu- 
tion duct and for a long glass screen for 
fluorescent lighting. At the same time, the 
special form of the roof is well adapted for 
the gradual extraction of air and gives the 
maximum facility for the placing of hand- 
luggage on the large, specially-designed 
lateral racks. ‘The brackets of these racks 
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Fig. 


6. — Driver’s cab, driving side, 
with movable corridor retracted. 
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are also used as fittings for the individually- 
controlled reading lights, separately con- 
nected to a circuit suitable for incandescent 
lights. 


Modern seats, trimmed with green 
velours and clear maroon vynilic art 
leather, and resilient cushions with springs 
and foam rubber, provide maximum com- 
fort for the passenger. 


Special mention must be made of a 
device located at each end of the vehicle, 
which provides for coupling, with through 
gangways, to a second vehicle (fig. 8). 

In essence, this comprises : 


— a corridor section, running on its own 
rollers, completely rigid, provided at the 
end with a bellows allowing normal coupl- 
ing to a second vehicle; 


a removable section of flooring; 


— a streamlined end door, sliding into 
the roof by the operation of a~ crank 
handle. 


The operation of coupling together, 
which is extremely rapid (3-5 minutes), is 
very simple, and the sequence of operations 
required is as follows : 

a) unlock and lift the end door; 


b) push out the movable part of the cor- 


Fig. 7. — Air distribution duct and fluorescent lighting. 
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and 


Movable 
bellows vestibule in retracted position. 


Fig. 8. — corridor, gangway 


ridor until the bellows and a part of the 
gangway itself are through the doorway; 


c) lock the corridor by lifting part of 
the floor, which is done in such a way 
as to form a passage without steps; 


d) couple bellows in the normal way. 


For uncoupling, the sequence of oper- 
ations is reversed. 


Practical tests have shewn that the oper- 
ations are easy and quick. When uncoupl- 
ing is effected, there is no loose part to 
be left occupying space in the vehicle. 


There are no special features in the 
buffing and drawgear; they have been 
designed to assure working with any Italian 
State Railways vehicle. 
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6. Brief description 
of the auxiliary fittings. 


The railcar is provided with a large 
number of auxiliary fittings, of which we 
shall attempt to describe the main features : 


Brakes. — Automatic, adjustable, West- 
inghouse compressed air and direct types, 
with two operating valves in each cab, 
worked by four cylinders mounted two 
and two on each bogie; two mechanical 
compressors worked by the motor to oper- 
ate the air brake. 

Hand operation is by wheel in the 
driver’s cab, acting on the bogie under the 
cab only. 


Heating. — Forced air, with circulation 
from above the interior of the car. A 
proportion (about one third) of the cir- 
culated air is taken in from outside; the 
remainder is recirculated. 

Two heater units take about 44000 ca- 
lories/hour from the exhaust gas and trans- 
mit it to the air circulated by suitable 
fans. 

The installations is regulated by ther- 
mostat, with compressed air servo-regul- 
ators. 


Lighting. — Two systems, incandescent 
and fluorescent. ‘The former is fed in 
the normal way from two lead accumulator 
batteries on the vehicle. ‘The batteries 
are recharged by a « Stones » 6.5 kW 
dynamo. 

The second installation draws its cur- 
rent from a motor-alternator group at 
400 cycles, the motor being energized at 
24 V from the batteries. The fluorescent 
lamps are contained in a special lighting 
fitting along the compartment roof and in 
four ceiling lights over the vestibules. All 
other points have incandescent lighting; 
this system is also used for the emergency 
lighting, consisting of individually-con- 
trolled roof-lights under each luggage rack 
bracket. 

Door control. — The entrance doors, 
pneumatically-operated, are controlled elec- 
trically, by the driver, through a_ gear 
system. 
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Various controls. — All controls to the 
driving unit are electric or electro-pneu- 
matic. 


7. Description of the bogies. 


There are many new features in the 
bogies, which have as the standard com- 
ponents, a frame of closed box beams, 
completely arc welded, and bolsters also 
welded to form a rigid « monobloc » frame. 
The swing bolster is also of the same type. 
The two bogies of each railcar also differ 
from each other, as one of them carries 
all the transmission equipment (bridges, 


a freno a mano 
-_ 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 633 


at the same time form a very good shock- 
absorber group. 

Each axlebox (fig. 13) located inside the 
corresponding wheel, is of the roller bear- 
ing type; it is of cast steel, with two cast-in 
cups for the rubber springs (fig. 12); there 
are no axleguards or axlebox guides in the 
normal way in which these are conceived. 
In their place are two strong steel pivots, 
welded to the bogie frame and_ passing 
through the centre of the couples but ha- 
ving no metallic contact with the axles or 
the axlebox body. 

The rubber springs not only form a real 


albero mofore 


Fig. 9. 


— Driving bogie. 


Albero motore = driving axle. — Al freno a mano = hand brake. 


special axles, intermediate transmission and 
reversing gear [fig. 9 and 11]), whilst the 
other is a carrier only (fig. 10). 

Another difference is in the type of 
body support which, on one bogie, consists 
of slipper blocks and on the other bogie 
rests on the centre pivot. In this way, the 
body is not subject to torsion resulting 
from different levels of the swing bolster, 
as is the case with four-point bearing. 

Finally in the driving bogie, the motors 
and transmission transmit their reactions 
tO the bogie frame by means of articulated 
arms. 


Furthermore, the technical advantage of 
these bogies rests particularly in a new 
“conception of flexible suspension and in 
_the method of guiding the swing bolster. 


The flexible suspension is dual; two 
laminated steel springs, with a high load 
capacity, support the swing bolster and 
provide a measure of control for the recoil; 
eight rubber springs of a special type 
(fig. 12) provide the axle suspension and 


4 


suspension but at the same time serve as 
a flexible link between the driving axles 
and the remainder of the vehicle; it thus 
provides a shock absorber and noise eli- 
minator in one fitting, and is not subject 
to wear (as with normal axlebox guides) 
owing to the complete absence of friction 
between metal parts. An immediate and 
not inconsiderable advantage of the system 
lies in the elimination of lubrication and 
need for periodical inspection of rubbing 
parts. 

The rubber spring, R.I. V. type, works 
in combined shear/compression; as it is 
precompressed, it has when free, a much 
greater volume than when in service, which 
is a considerable advantage should there 
be any heating, which is most injurious to 
rubber. The mass of rubber is, in fact, 
very large. 

We shall deal later with the practical 
results obtained with this suspension. 

As we have already mentioned, another 
new feature lies in the method of guiding 
the swing bolster, which is kept in place 
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by two steel tie rods, linked by rubber 
buffers, on one hand to the bogie itself 
and on the other hand to the bogie frame. 
This arrangement has already been used 
in America (where, however, it is applied 
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the point at which the slide blocks would 
become ineffective), and transmit to the 
body of the car the stresses which are 
« filtered » and damped by the silent- 
blocs. 


Fig. 11, — Driving bogie seen from above. 


to the exterior of the bogie) but does not 
seem to have been used in Europe, or at 
any rate, not in Italy. The two tie rods 
hold the bolster and return it constantly 
to the centre, limiting its movement (to 


The bogies have a wheelbase of 2 800 mm 
(5’ 11 1/8”) a normal spacing, wheels of 
910 mm (2’ 11 7/8”) diameter, and weigh 
respectively : driving bogie 6 360 kg; car- 
rying bogie 5100 kg. 
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8. Motor unit. 


An important characteristic-of this type 
of car is to have all the main parts form- 
ing the motor unit grouped on a special 
robust chassis, slung beneath the vehicle 


Fig. 12. — Roller bearing box with spring 
seats and rubber springs removed. 


(fig. 14). On this boat-shaped chassis are 
located the motor, the hydraulic coupling, 
the gear case, the AC and DC current 
generators, the circulation and injection 
pumps, etc. On the other hand, the water 
cooling for the motor, fuel tanks and brake 


Fig. 13. — Axle with 


apparatus assemblies are connected directly 
to the underside of the body. 

The chassis carrying the motor and other 
parts enumerated rests on brackets fixed 
under the body through suitable rubber 


roller 
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mounting; the motor is carried by the 
frame on a series of silent-blocs, so as to 
give two degrees of resilient mounting 
designed to absorb vibrations of various 
frequencies. 

For inspection, there is a removable 
cover, and the entire chassis can easily be 
withdrawn from beneath the body by 
means of a simple carrier. 

The Breda “D 19 motor (fig. 15) is 
designed for rail traction and its excep- 
tional robustness is due in part to the fact 
that the gearcase and motor block are a 
single steel casting. It is of the Diesel, flat, 
three cycle type, fed by turbo-compres- 
sor and has precombustion chambers. 

Its principal characteristics are : 


Bore 135 mm (5.314 in.) 
Stroke a. ¢ 190 mm (7.480 in.) 
Number of cylinders . . 12 
Maximum speed 1 500 y.p.m. 
Maximum power with 

supercharger at 1 500 

r.p.m. : 460 HP 
Total cylinder capacity 32.6 | 


Approximate weight 2 800 kg (6 172 Ibs.) 


boxes assembled 
and seats for rubber springs. 


bearing 


The pistons are of aluminium alloy, 
extruded and heat-treated; the push rods 
are of forged steel and the big ends have 
adjustable bearings; the cylinder jackets of 
special nitrous cast iron are easily remoy- 
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able; they are cooled by the circulated with the motor driving in either direction 
cooling water of the motor block. of travel. The equipment has two large- 
Circulation is effected by two electric area re-cooling radiators in the lower cas- 


pumps, the motors of which are fed by the ing of the car. 
dynamo. The air taken in through suitable orifices 


Fig. 14. — Arrangement of the motor. 


Fig. 15. — Motor with hydraulic coupling and gear change. 
Lubrication is forced, in the casing is expelled after passing across 
The water cooling system of the motor these radiators, transversely to the car. 
is very interesting and quite new; it is The air current for each group is created 


thermostatically controlled and operates by electric blowers located in the middle 
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of an equal number of conduits, which are 
designed to avoid loss of load. 


The blower motors are fed with three- 
phase current, produced by alternators in 
two special groups worked by the Diesel 
motor; baffles controlled by thermometers 
with electrical contacts, located in the air 
passages, switch on and off some or all 
of the motors, which provides adjustment 
of the air intake so that the capacity of 
the cooling system is constantly propor- 
tionate to the calories in the circulated 
water. 


Starting of the Diesel motor is by two 
small synchronised electric motors. 


The motor is fed by two turbo-compres- 
sors, the rotors of which are operated by 
the exhaust gas through turbines. The gas 
is afterwards released through the car 
roof. 

Before entry to the compressors, air is 
cleaned by oil filters and then fed through 
appropriate ducts. 


The inotor is connected to the gearbox 
by a Vulcan-Sinclair hydraulic coupling, in 
which a driving rotor, solid with the driv- 
ing shaft, transmits the movement to a 
driven rotor, which is solid with the 


Fig. 16. — Epicyclic gear case, 
with cover removed. 
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primary shaft of the gears, by means of 
the induced movement of a mass of oil 
which circulates in specially designed 
cavities in the two rotors. ‘The purpose 
of this coupling is to damp out torsion 
vibrations transmitted by the motor shaft, 
which are particularly noticeable when 
starting and in changing gear. 

The continuous mechanical gear change 
is of the preselective type with epicyclic 
gears and five ratios (fig. 16). 

Gear selection is effected by six small 
air cylinders and corresponding electro- 
pneumatic valves, one for each speed and 
one for neutral. 


The shafts from the gear box to the main 
transmission box and from there to the 
secondary transmission box are of the teles- 
copic type with cardan joints at each end. 


Movement is transmitted to the bogie 
driving axles by means of two cylindrical 
gear wheels, three conical gears in the 
main transmission box and two conical 
wheels in the secondary box. In the main 
box, a claw-type clutch provides for revers- 
ing the direction of rotation of the shaft 
by means of an electro-pneumatic servo- 
motor cylinder. 


A complicated electrical installation con- 
stitutes the nerve system of a modern rail- 
car. It will be sufficient here to outline 
the main functions to give an idea of the 
careful design which is necessary. 


Firstly, the motor controls are electro- 
pneumatic; they also provide for working 
two similar cars coupled together for mul- 
tiple working and the electric control is 
the only way of ensuring the synchronous 
and perfectly instantaneous operation of all 
the controls. ‘To couple two vehicles for 
multiple working — that is to say, with 
one driver — it is necessary in addition to 
provide control from a single driving posi- 
tion for the motors of two vehicles. ‘This 
is a duty which is fulfilled by electrical 
indicators of a specially designed type. 

There are, in addition, the fittings for 
the dual system of lighting (fluorescent 
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and incandescent), with their regulators, 
generators, batteries, etc. 


It is necessary also to provide for the 
door control, which is also electro-pneu- 
matic, and for the sanders. 


9. Results obtained. 


Some remarks on the results obtained 
will show clearly the perfect behaviour of 
the body, bogies and motor unit, even at 
the highest speeds. 


Whilst the maximum normal speed for 
which the car was designed is 130 km/h, 
it has been able to reach easily, and to 
exceed, 145 km/h (90 m.p.h.) during its 
first trials. 

No critical speed has been found; the 
body of the vehicle is completely free from 
vibration by the motor whether at maxi- 
mum or minimum speed of rotation, at 
rest or at the maximum speed of travel. 

The special bogie suspension, which we 
have already mentioned, has confirmed in 
practice all the qualities claimed for the 
design; in fact running is smooth, flexible 
and mechanical vibration due to irregula- 
rities in the road, rail joints or track 
equipment are not transmitted to the body. 
Inside the body a passenger is able to con- 
verse or rest equally as well as in any 


hauled vehicle. 

Acceleration and braking trials, even 
when extended, have shewn no_ itre- 
gularity. 


The motor is well balanced and pro- 
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duces no oscillation of the chassis; during 
acceleration and braking, the movement 
of the chassis was of the order of one or 
two millimetres (approx.) only. 


10. Trailer vehicles. 


Trailer vehicles have been built with 
profile, dimensions, constructional charac- 
teristics and interior arrangement identical 
with those of the railcars. 

They are, of course, without any driving 
components and have two carrying bogies 
only, but they have two driving cabs and 
all electric connections and pneumatic con- 
nections to allow using the trailer vehicle 
as the pilot car. 


The main difference between the trailer 
and the railcar (at least, in the first 
vehicle), is in the different arrangement of 
the heating system. 


Since the trailers cannot, of course, 
obtain heat from the calories produced by 
a motor, a small oil-fired boiler is pro- 
vided to heat water which circulates in 
a heat exchanger similar to that of the 
railcars. 

From there the installation is identical 
with that of the railcars, with- forced air 
from the exchanger to the interior of the 
vehicle, by distribution ducts and suitable 
exhaustion. 


The dynamo for electric power and 
lighting in trailers is arranged on the bogie 
and worked by one of the axles through 
a belt system. 


16625;, 215° (73) J 


Resilient pads add to comfort on passenger cars, 
| bye) ..).eCARTY, (*) 


(Railway Mechanical and Electrical Engineer, October 1951). 


There are approximately 40000 passen- 
ger train cars in service on Class I railroads 
in the United States. During a period of 
one year, well over 555 million revenue 
passengers are transported in these cars. 
Of course, safety is of primary importance 


Spring-plank pads. 


hangers passing under the spring planks. 


surfaces of the fillers and the bottom of the spring plank. 
by downwardly projecting lips of the spring plank. 


in the operation of railroads, but the 
importance of providing attractive com- 
fortable, easy-riding cars is self-evident as 
this results in increased passenger revenue. 

To attain this desirable condition, many 
factors must be given consideration, but 


On swing-motion trucks the bolster springs rest on the spring planks 
which run transversely underneath the bolsters and are suspended from the transoms by 


Spring-plank pads are applied between the top 


The pads are held in position 


(*) Engineer, Fabreeka Products Company. 
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this article is limited to an outline of the 
proper utilization of resilient materials, in 
absorbing impact shocks, isolating high fre- 
quency vibration and abating noise on rail- 
road passenger cars. 

Modern passenger cars are designed to 
operate at speeds up to 100 m:p.h. and to 
traverse curves up to 18 deg. which are 
sometimes encountered in yards, although 
the maximum curvature of main line track 
seldom exceeds 6 deg. 


AucGustT 1952 


then through the transoms to the spring 
planks, bolsters and center plates to the 
car body. The major part of the cushion- 
ing is accomplished by the springs, but as 
these are metal, high frequency vibrations 
are transmitted through them. 


Lateral play necessary. 


A limited amount of lateral play is neces- 
sary to prevent binding and to allow free- 


The six principal applications of resilient pads to new passenger car trucks are (1) top and 
bottom bolster coil springs; (2) center plate; (3) top of journal boxes; (4) under truck side 


bearings: (5) under spring planks; (6) top and bottom equalizer coil springs. 
5 oO \ Pp 


To absorb 


impact shocks effectively, isolate vibration and reduce noise, the sum of the thicknesses 
of resilient pads installed at various points between the wheels and car body, should be 


at least 2 1/2 in. 


Older trucks can be modernized by substituting resilient pads in place 


of the wooden or metal shims commonly used to maintain the height of the couplers 


within permissible limits. 


When a car is in motion, the rolling of 
the wheels on the rail generates vibrations 
and rumble, and the wheels passing over 
rail ends, crossing frogs and switches sustain 
impacts or sudden blows. Such impacts 
also set up vibrations which are transmitted 
through the wheels, axles, journals, equali- 
zers and springs to the truck frame and 


dom of movement of truck parts, especially 
when a car is going around a curve, and 
it may be pertinent to note that approxi- 
mately 10 % of main line track is curved. 
On account of the relative movement of 
the car parts, certain lateral impacts of 
considerable magnitude occur and_ these 
may be considered as acting in horizontal 
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Side-bearing pads. Body side-bearing pads are 
attached to the body bolster on each side of 
the center plate to steady the car and _ pre- 

Equalizer and bolster coil-spring pads.  Resi- vent excessive rocking while the car is pas- 
sing around a curve. ‘The resilient pad is 
placed between the bottom of the side bear- 
ing and the top of the truck bolster. Truck 
reduce metal fatigue and spring breakage side bearing pads are also used to cushion 
and to improve the riding quality of the car. impact shocks, isolate high frequency vibra- 
tions and reduce noise. 


lient pads are installed at the top and_bot- 
tom of bolster and equalizer ccil springs to 


Center-plate pads. It is the practice to design passenger-car truck 
parts for a center-plate load of 70 000 Ib., which means that the 
pressure on center-plate pads is in the order of 300 or 400 lb. 
per sq. in. ‘The efficiency of a resilient pad in the isolation of 
vibration varies directly in proportion to the thickness, but suf- 
ficient stability must be maintained. To obtain good service and 
long life from center-plate pads, they must not be subjected 
to abrasion; that is, the center plate in contact with the pad must 
not move horizontally with reference to the resilient pad. 
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Journal-box pads. 


Resilient pads applied to 
journal boxes break metal-to-metal contact, 
cushion ends of equalizers, isolate vibration, 
reduce noise and, in the case of roller type 
journal boxes, protect the rollers and races 
from damaging shocks. 


planes. Other impacts, sometimes severe, 
occur in a fore and aft direction, when 
there is a sudden change in the speed of 
movement of the train, due to handling 
of the engine, application or release of the 
brakes or when cars are being coupled 
together. 

Unless such shocks are cushioned and 
vibrations isolated, they frequently result 
in discomfort to passengers, loose bolts, 
fatigue of metal, breakage of parts and 
increased cost of maintenance. 

Recognized principles of vibration isola- 
tion as related to the use of resilient pads, 
may be considered as depending upon two 
primary factors: (a) The frequency of 
vibration to be isolated, that is the forced 
vibration due to periodic and continuing 
disturbing forces; (b) The natural fre- 
quency of the system, or the rate at which 
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it would tend to vibrate after sudden 


release from external force. 


The frequency ratio is the ratio of the 
forcing frequency to the natural frequency. 
If the frequency ratio is less than 1.41, the 
resilient mounting is of no value in isola- 
tion of vibration, and may be harmful if 
resonance results, which is the case when 
the forcing frequency equals the natural 
frequency. For good vibration isolation, 
the frequency ratio should be at least two 
and one-half. 


The elastic internal vibrations, which it 
is desired to isolate, and which are set-up 
in car parts as the result of impacts and 
by the rolling of the wheels on the rail 
may be assumed to have frequencies of over 
100 cycles per second. 


To absorb shocks, isolate vibrations and 
reduce noise, it is important to eliminate 
metal-to-metal contacts at certain points 
of the car body and trucks. Designers rec- 
ognize that this can be accomplished suc- 
cessfully by interposing suitable resilient 
pads between the metal parts. Such resi- 
lient pads must be capable of dissipating 
energy in the form of heat and have 
mechanical resistance to vibration con- 
ductivity differing greatly from the metal 
parts. 

To give effective and satisfactory service, 
resilient pads must retain original physical 
characteristics during long service life and 
must not be damaged by millions of 
cycles of loading and unloading. They are 
required to withstand the action of water, 
brine, heat, cold and weather conditions 
generally encountered in railroad service. 

Resilient pads store up energy like a 
spring and when pressure is released, give 
up this energy without appreciable loss. 
Their value as vibration insulators depends 
on this characteristic property. 


The measure of resilience is in terms of 
the energy to produce a deformation and 
may be judged by the ratio of energy given 
up on recovery from deformation, to the 
energy required to produce the deformation. 
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Load-deflection characteristics should be 
studied when determining the most suitable 
and efficient resilient pads for use on rail- 
road passenger cars, as the loading and 
unloading curves in compression, indicate 
the ability of a pad to absorb energy. The 
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deflection which may be expected when 
the pad is under load, and is a criterion 
of its value as an isolator. The stiffness 
coefficient of a resilient pad increases with 
decrease in thickness. 

The progressive reduction of amplitude 


Deflection in Percentage of Original Thickness 


Load deflection curve. 


The solid line is the loading curve; 


the dotted line, the unloading curve. 


_deflection under load is one of the factors 
from which can be judged the effective- 
ness of the pad as a vibration isolator. 
The stiffness coefficient and damping 
characteristics can be determined from the 
load-deflection curve. The stiffness of a 
resilient pad is indicative of the degree of 


in free vibration is known as damping and 
in the case of rubber compounds con- 
sidered as internal friction, which is inver- 
sely proportional to the frequency of vibra- 
tion. Damping is a force which resists 
motion and the damping ratio is the ratio 
of any amplitude to the following ampli- 
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tude. Experience has shown that resilient 
pads having a damping coefficient of 
approximately 1.6 give very satisfactory 
service on railroad passenger cars. 

The set of a resilient pad is the per- 
manent change of form due to repeated 
or excessive stress, and creep is the addi- 
tional deformation occurring with elapse 
of time while the pad is under stress. 

To give satisfactory service, resilient pads 
must retain strength, resilience, and flexi- 
bility and must not have excessive set or 
creep under heavy loads, as this would 
decrease the natural frequency and might 
result in loose bolts and misalignment of 
parts. 

Excessive noise is objectionable as it has 
a detrimental effect on the nervous system 
of passengers and every practical effort 
should be made to eliminate it. 


When the frequency of vibration is less 
than 15 oscillations per second, the vibra- 
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tion is a shake or tremor. Between 15 and 
30 oscillations per second, the tremor is 
accompanied by noises or clicks. Vibra- 
tions having frequencies greater than 30 
oscillations per second are recognized as 
sound, the amplitude of vibration deter- 
mining the loudness and the frequency 
determining the pitch. 

Breaking the continuity of the path of 
sound by interposing resilient pads between 
metal parts which are being caused to 
vibrate, is effective in reducing noise. This 
is one of the more important functions of 
resilient pads on railroad passenger cars. 

The load-deflection curve shown is 
typical of an efficient resilient pad having 
a durometer hardness of about 90, com- 
posed of layers of tightly twisted, closely 
woven, light weight cotton duck. Each 
layer is thoroughly impregnated with a 
special rubber compound and _ the layers 
are built up to required thickness and 
vulcanized together. 
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Locomotives des Chemins de fer francais, 4 vapeur, électriques, Diesel-électriques et autorails. 
(The locomotives of the French Railways, steam, electric, Diesel-electric and railcars. )— 
No. 3, October 1951, Preface by Paul LEGREGEOIS, Divisional Inspector of the 
French Railways Steam Locomotive Drawing Office. — One album (6 X 91/2 in.) 
of 48 pages, diagrams and photographs. — 1951, Paris, Editions P. P.C., 39, boulevard 


Berthier (Price : 385 French francs.) 


In spite of the relatively few number of 
types it contains, this Album No. 3 is of 
very great interest. There are several 
recent designs characteristic of French rail- 
way technique. 


In the case of the steam locomotives, the 
first is a 4-6-4 for fast trains. Built in 1949, 
with a boiler pressure of 20 kg/cm* (284 Ibs. 
per sq. in.) with an axle load of 23000 kg 
(50 700 Ibs.), it has raised the horse power 
to 3400. ‘The second, not quite so new, 
dating from 1940, is a 2-8-2 with an axle 
weight of only 18 t. 

The four others are articulated locomo- 
tives, a compound four cylinder Mallet, a 
Du Bousquet-De Glehn, also compound 
with four cylinders, a Beyer-Garratt and a 
Golwé, both with four cylinders simple 
expansion. 

In the case of electric traction, there are 
four locomotives, three of which are proto- 
types, a CC, a BBB and another CC. The 
latter, dating from 1950, is remarkable in 
that it was built to run on single phase 
current at a voltage of 20000 and the 
industrial frequency of 50 periods. ‘The 
object of this is to reduce the capital cost 
of electrification, and thereby reduce the 
limiting traffic justifying electrification. 

In this series, the 2D2, not yet named, 
holds the record for power, 4400 HP. In 
the case of speed, 160 km (100 miles/h), 
the CC comes first which using 1500 V 
can haul a 530 t train at this speed. 


The final item in this series is the rail 
motor coach with van compartment of the 
Ouest Region which is 600 HP and offers 
78 seats with a total weight of 39000 kg 
(86 000 Ibs.). Its braking and acceleration 
qualities are such that it can run at high 
average speeds in spite of numerous inter- 
mediate stops. 

The two Diesel locomotives are also 
recent types, and both intended for shunt- 
ing operations. Although included with 
the first under the heading Diesel-electric, 
the second has mechanical drive with 
hydraulic clutch which costs considerably 
less. 

The four railcars with Diesel engines, 
made by various firms, come into the 
medium power class. The power ranges 
between 300 and 90 HP, the speed between 
110 and 60 km (68 and 37 miles/h), and 
the number of seats between 67 and 34. 
The latter figure relates to the Bernard 
railcar which has the same characteristics 
as an ordinary motor coach apart from the 
wheels. Two vehicles of this type are fit- 
ted with a device which enables them to 
turn through 180° at the terminal stations. 

This little collection is truly represen- 
tative of the evolution of the technique of 
traction in the last dozen years. At the 
beginning of the album, there is an explan- 
atory diagram of oil firing, another recent 
introduction on the European continent. 


E. M. 
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Statistical Yearbook 1951. — Third Year. — Published by the Statistics Office of the 
United Nations Organization, Department of Economic Questions. — One volume 
(9 x 11 1/2 in.) of 616 pages, with many tables. — 1951, New York, Published by 


the O.N. U. 


This third issue of the Statistical Year- 
book of the United Nations is similar to 
the two previous issues. It is marked how- 
ever by certain additions which increase 
the documentary value of this publication 
the importance of which we have already 
stressed (see Bulletin of July 1952). 

Amongst the new data included, mention 
must be made in the first place of a chapter 
relating to consumption under ten head- 
ings. The term consumption is taken in 
a very wide sense covering foodstuffs, the 
main sources of power, various industrial 
products and the three main groups of 
fertilisers. “The two tables relating to the 
availability of foodstuffs are based on the 
foodstuffs balance sheets prepared by the 
F.A.O. (Food and Agriculture Organiza- 
tion), the department of the United 
Nations dealing with food and agriculture. 

Many of the tables already included in 
the former issues have been considerably 
extended. For example, in the chapter 
devoted to public finances, in the various 
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national accounts. posts of economic import- 
ance have been included and the opera- 
tions of the central government banks are 
the subject of a separate table. 


In the case of transport, as we have 
already said, the statistics cover the rail- 
ways, road services, maritime transport and 
civil aviation, for most of the years from 
1931 to 1950. There are interesting varia- 
tions to be noted. Side by side with those 
transports, which have not recorded any 
great progress in recent years, are others 
which have developed continuously. 


In view of the extraordinary scope of 
the work, which covers nearly all branches 
of human activity, the information supplied 
may be called complementary. For those 
readers who wish to obtain more detailed 
analyses, there is an appendix giving a list 
of the chief series of statistics published by 
various bodies, and the United Nations in 
particular. 

| le 


ETR, Eisenbahntechnische Rundschau (Technical Railway Review). New Monthly Review. 
Published by Carl Rohrig Verlag, Darmstadt, (Size: 8 1/4 x 11 3/4 in.). — Printed 


on special paper. — At least 32 pages of text. — (Price per number : 


Subscription 3 months : D.M. 12.00). 


This new review, the first issue of which 
is in Our hands, that of January 1952, is 
intended, according to an editorial note, to 
supply a want in technical, industrial and 
railway circles. Its appointed object is to 
give by means of substantial notes as com- 
plete a report as possible of technical ques- 
tions now to the fore in the railway field. 
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The responsibility for preparing these notes 
will fall upon a Committee composed of 
important officials of the Reichsbahn and 
training centres, with Dr.-Eng. A. Baumann 
of Karlsruhe as the chief editor. 

The German Railways are faced with 
an important work of reconstruction and 
modernization and the problems arising 
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are manifold. The promotors of this new 
publication hope that it will contribute to 
the restoration of the railway by collating 
ideas, theories and the results of experience. 


According to the editorial note, those 
responsible for the articles wish to keep 
this review on a high scientific plane. 
Judging by the contents of this first issue, 
they have succeeded in their objective. 


A work of this kind is likely to be of 
interest outside Germany. To facilitate its 
diffusion, it is proposed to give a summary 
in English and French at the end of each 
article. 
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The review will be completed by a quar- 
terly supplement called « Archiv fiir Eisen- 
bahntechnik » (Railway technical archives), 
reserved for articles of some particular tech- 
nical scope. Special issues will cover import- 
ant questions. 

With such a programme and in view of 
the circumstances in which it has made its 
appearance, it is permissible to surmise that 
the new review E. T.R. will have the suc- 
cess which the Governmental Authorities 
and General Manager of the German 
Federal Railways wish it in the prefaces 
to this first issue. 

E. M. 


MENDIZABAL Y FERNANDEZ (D.), Road Engineer, Assistant Manager of the Spanish 
National Railways, — Datos utilizables para el posible estudio de una nueva instruccion 
para el calculo de tramos metalicos. (Data to serve as a basis for the study of a new 
instruction on the calculation of metal bridges.) — One brochure (8 1/4 x 10 3/4 in.) of 
126 pages with tables and figures. — 1952, Madrid, published by the Railway Study and 
Research Laboratory of the Roads, Harbours, and Canals Engineering School. 


The instruction now in force dates from 
1925. Since that date operating conditions 
have been considerably modified, both as 
regards the speed of the trains and the 
weight of the traction and transport stock. 
The proposition of the Railway Study and 
Research Laboratory to investigate a new 
instruction having been approved, the work 
was entrusted to one of the members of the 
Council, Dr. Domingo MenpizaBaL, who took 

“a considerable part in the preparation of 
the present instruction. The results of his 
investigations are given in the present 
publication. 

The basis of the study was a wide scale 
enquiry into the operating conditions in a 
great many countries and the essential 
clauses of the regulations in force. ‘These 
were the subject of a detailed examination 
during which they were compared with 
the Spanish regulations. Taking into 
account all the various considerations likely 


to affect the measures to be taken, the 
author was able to formulate well-founded 
conclusions. 


The report covers railway bridges, both 
standard and narrovy gauge, and road 
bridges. In the case of the former, a spe- 
cial examination of the question of impact 
was made. Here great diversity was found 
not only in the formule but also in the 
coefficients used. ‘The author indicates that 
it is necessary to take into account, in addi- 
tion to the span, various factors, such as 
the condition of the track and the method 
by which it is carried on the bridge, the 
kind of traction, and the speed of the 
trains, and he suggests a new formula 
whilst awaiting the results of the re- 
searches he considers it is desirable to 
undertake. 


In the third part of the book, it is ques- 
tion of the stresses resulting on the one 
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hand from outside sources, wind and varia- 
tions in temperature, and on the other, 
those due to the rolling stock itself: cen- 
trifugal force, lateral stresses, braking and 
starting. 


The fourth part covers a discussion of 
the regulations relating to the calculation 
of the supporting gear, the importance and 
measurement of the deflections, the effects 
of alternating stresses, the calculation of 
parts liable to warp, trials, minimum thick- 
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nesses. It ends by a complete enumeration 
of the modifications suggested to the pre- 
sent regulations, together with numerical 
tables and the necessary drawings. 

This work, apart from the object indi- 
cated, the utility of which is obvious, is of 
great interest to all specialists of bridges 
owing to the comparative study of the 
regulations applied nearly all over the 


world. 
E. M. 
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